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WARRANTY AND ASSISTANCE 


All Hewlett-Packard products are warranted against defects in 
materials and workmanship. This warranty applies for one year 
from the date of delivery, or, in the case of certain major compo- 
nents listed in the operating manual, for the specified period. We 
will repair or replace products which prove to be defective during 
the warranty period provided they are returned to Hewlett- 
Packard. No other warranty is expressed or implied. We are not 
liable for consequential damages. 


Service contracts or customer assistance agreements are available 
for Hewlett-Packard products that require maintenance and re- 
pair on-site. 


For any assistance, contact your nearest Hewlett-Packard Sales and 
Service Office. Addresses are provided at the back of this manual. 


fy MANUAL CHANGES 


MODEL 120B 
> OSCILLOSCOPE 


Manual Serials Prefixed: 601— 
Manual Printed: NOV 1966 


Make all changes in this manual according to the Errata below. Also check the following table for your 
instrument serial prefix (3 digits) and/or serial number (8 digits) and make any listed change(s) in the manual: 


Serial Prefix or Number Make Manual Changes Serial Prefix or Number Make Manual Changes 


ERRATA Page 5-17, Figure 5-8, 
R204: Change value to 1800 ohms, and delete asterisk. 
Page 5-18, Figure 5-9, 
V308: Change tube type to 6GH8A. 
Page 5-19, Figure 5-10, 
Add attached Figure 5-9A. 
A R303: Change value to 100 k ohms. 
Table 6-2, 
A301: Change HP Part No. to 120B—65H. 
C8, C15, C102, C304, C306: Change to HP Part No. 0160-2902; same description; 
Mfr 56289; Mfr Part No. 29C214A3CDH. (Preferred replacement.) 
2 C14: Change to HP Part No. 0160-2983; same description, Mfr and Mfr Part No. 
(Preferred Replacement.) 
C211, C301, C311: Change to HP Part No. 0160-2897; same description; 
Mfr 05447; Mfr Part No. Type 126. (Preferred replacement.) 
C213, C323, C326, C329: Change to HP Part No. 0160-2897; same description; 
Mfr 71590; Mfr Part No. DD203. (Preferred replacement.) 
R204: Change to HP Part No. 0758-0043; R: fxd metox 1800 ohms 5% 1/2 W; 
Mfr HP. (Preferred replacement.) 
Option 05: Change HP Part No. for lamp holder to 1450-0154. 
Option 06: 
Change HP Part No. for 3-pin female connector to 1250-0038. 
Add: HP Part No. 1251-0039; TQ 2; Connector: 3 contact male; Mfr 71468; 
Mfr Part No. CA3102A10SL-3P-A105. 
Change HP Part No. for cable clamp to 1251-0040. 
Option 13: Change HP Part No. 120B-5B to 120B-5C. 
A. R303: Change to HP Part No. 0693-1041; R: fxd composition 100 k ohms 2 W. 
(Preferred replacement.) 


19 February 1970 Supplement A for 
A = Latest additions to this change sheet. 120B-903 
This change sheet supersedes all prior change sheets for this manual. 


19 February 1970 
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Figure 5—9A. High—Voltage Supply Component Identification. 
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Table 1-1. 


SWEEP 


Sweep Range: 

One psec/cm to at least 0.5 sec/cm. Fifteen 
calibrated sweeps accurate to within +5%, in a 
1,2,5,10... sequence, from 5 psec/cm to 200 
millisec/em. Vernier control permits contin- 
uous adjustment of sweep time between calibra- 
ted steps, and extends the 200 millisec/cm toat 
least 0.5 sec/cm. 


Sweep Expand: 
X5 sweep expansion may be used on all ranges 
and expands fastest sweep to 1 psec/cm. Ex- 
panded sweep accuracy is +10%. 


Automatic Synchronization: 
Internal: from signals 50 cps to 450 ke with 
approximately 0.5-cm or more vertical deflec- 
tion; and from line voltage. 


External: from signal 50 cps to 450 kc, 1.5v 


peak-to-peak. 


Trigger Point: 

Zero-crossing negative slope of external sync 
signals; or zero-crossing positive or negative 
slope of verticaldeflection signals. Front-panel 
control overrides automatic and permits the 
trigger point to be set between -7 to +7 volts. 
Turning control fully counterclockwise restores 
automatic operation. 


VERTICAL AMPLIFIER 


Bandwidth: 
DC coupled: dc to 450 ke. AC coupled: 2 cps 
to 450 kc. Bandwidth is at least 450 ke regard- 
less of sensitivity setting. 


Sensitivity: 
10 millivolts/cm to 100 volts/em. Four cali- 
brated steps with attenuator accuracy of +3%, 
10 mv/cm, 100 mv/cm, 1 v/em, and 10 v/cm. 
Vernier permits continuous adjustment of sensi- 
tivity between steps, and extends 10 v/cm step 
to at least 100 v/cm. 


Internal Calibrator: 
Calibrating signal automatically connected to 
vertical amplifier for standardizing of gain, ac- 
curacy +2%. 


Input Impedance: 
1 megohm, shunted by approximately 50 pf. 


Balanced Input: 
On 10 mv/cm range only; input impedance is 2 
megohms shunted by approximately 25 pf. 


Common-Mode Rejection: 
Rejection at least 40 db. Common mode signal 
must not exceed +3 volts peak. 


Model 120B 


Specifications 


Phase Shift: 
Vertical and horizontal amplifiers have same 
phase characteristics within +2° to 100 kc when 
verniers are in CAL. 


HORIZONTAL AMPLIFIER 


Bandwidth: 
DC coupled: dc to 300 kc. AC coupled: 2 cps 
to300 kc. Bandwidth is at least 300 kc regard- 
less of attenuator setting. 


Sensitivity: . 
0.1 volt/cem to 100 volts/cm. Three calibrated 
steps, accurate within +5%, 0.1 v/cm, 1 v/cm, 
and 10 v/em. Vernier permits continuous ad- 
justment of sensitivity between steps and ex- 
tends 10 v/cm step to at least 100 v/cm. 


Input Impedance: 
1 megohm nominal, shunted by approximately 
100 pf. 


Phase Shift: 
Horizontal and vertical amplifiers have same 
phase characteristics within +2° to 100 kc when 
verniers are in CAL. 


GENERAL 


Cathode Ray Tube: 
P31 phosphor, mono-accelerator with internal 
graticule normally supplied; 2700-volt acceler- 
ating potential. Face plate eliminates glare and 
reduces hazard of implosion. P2, P7, and Pll 
phosphors also available. 

Internal Graticule: 
10 cm x 10 cm marked in cm squares. Major 
horizontal and vertical axes have 2-mm sub- 
divisions. Eliminates parallax error. 


Intensity Modulation: 
Terminals on front panel. Plus 20 volt pulse 
required to blank trace of normal intensity. 


Dimensions: 
16-3/4 in. wide, 7-1/2 in. high, 18-3/8 in. 
deep, overall; hardware furnished for quick con- 
version to 7 in. x 19 in. rack mount. 


Weight: 
Net: 32 lbs; shipping 45 lbs. 


Power: 
115 or 230 volts +10%, 50 to 1000 cps, approxi- 
mately 95 watts. 


Options: 
05. External graticule crt with P31 phosphor. 
06. Rear terminals in parallel with front. 
10. Provision for single sweep operation. 
13. Special front panel for rack mounting only. 


~ 
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SECTION | 
GENERAL INFORMATION 


1-1. INTRODUCTION. 


1-2. This manual provides complete instructions on 
the installation, operation, theory of operation, and 
maintenance of the Hewlett-Packard Model 120B Os- 
cilloscope. 


1-3. The Hewlett-Packard Company uses a two- 
section, eight-digit serial number (e.g. 000-00000). 
If the serial prefix (first three digits) on your instru- 
ment does not agree with the prefix shown on the title 
page of this manual, refer to either the separate 
change sheet included or Appendix I, which contain 
changes required to adapt this manual to the listed 
prefixes. The separate change sheet also contains 
corrections required for all known errata (errors). 
Contact your Hewlett-Packard Sales/Service Office 
if additionalinformation or clarification is required. 


1-4. DESCRIPTION. 
1-5. The Model 120B is a general-purpose oscillo- 


scope whose bandwidth extends from dc to 450 kc. It 
combines the precision characteristics of calibrated 


horizontal sweeps, calibrated vertical sensitivity, 
and a crt that eliminates parallax error; in addition, 
its construction provides easy circuit accessibility 
and quick convertibility from a rack-mounting to a 
bench-model configuration. Specifications are listed 
in table 1-1. 


1-6. The internal graticule of the Model 120B is in 
the same plane as the phosphor and crt trace; conse- 
quently, crt parallaxerror is avoided, allowing easier, 
quicker, and more accurate measurements. 


1-7. The Model 120Bcan be used with either internal 
or external sweeps, which can be either internally or 
externally synchronized. Because of its high sensi- 
tivity and balanced input, the Model 120B can be used 
to view complex waveforms and monitor transducer 
outputs. 


1-8. Computations are avoided and possibilities of 
error are reduced by direct-reading calibrated sweeps. 
A single control selects 1 of 15 calibrated sweeps 
between the ranges of 5 microseconds/cm and 200 


Figure 1-1. Model 120B Oscilloscope 
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milliseconds/cm or determines the calibrated sensi- 
tivity of the horizontal amplifier. Continuous control 
of sweep time and horizontal sensitivity between cali- 
brated steps is provided by a vernier control; the 
vernier control extends the 200 milliseconds/cm 
sweep time to at least 0.5 seconds/cm, and reduces 
the horizontal amplifier sensitivity to at least 100 
~ volts/cm. 


1-9. Accurate direct-reading sweeps are obtained 
from a feedback type (Miller) integrator, which en- 
sures high linearity and stability of the horizontal 
sweep. This type of sweep generator is reliable and 
relatively independent of vacuum-tube characteristics. 


1-10. Observation andanalysis of transients are sim- 
plified by the expanded-sweep control. This X5 sweep 
expander may be used on all sweep time settings, and 
expands the fastest sweep time to 1 microsecond/cm. 


1-11. An automatic trigger capability facilitates es- 
tablishinga base line on the crt when a synchronizing 
signal is not present. The automatic baseline pro- 
vision can be easily locked-out and an adjustable trig- 
ger level established. 


1-12. Accurate voltage measurements of waveforms 
are quickly made with the Model 120B. A built-in 
calibrator that is accurate to within +2 percent per- 
mits rapid verification and standardization of vertical 
amplifier sensitivity. 


1-13. Phase-shift measurements can be made ac- 
curately over awide range of input frequencies. Rel- 
ative phase shift between the vertical and horizontal 
amplifiers is less than 2 degrees up to 100 kc. 


1-14. CATHODE RAY TUBE WARRANTY. 


1-15. The cathode ray tube supplied with the Model 
120B and replacement crt's purchased from Hewlett- 
Packard Company are guaranteed against electrical 
failurefor one year from the date of sale by Hewlett- 
Packard. The Cathode Ray Tube Warranty and Claim 
sheet is included at the rear of this manual. 


1-16. OPTIONS. 


1-17. The Model 120B is available with four options, 
as listedintable1-1. Replaceable parts for all options 
are listed under MISCELLANEOUS at the end of table 
6-1. 


1-18. OPTION 05. This optionprovides a crt without 
internal graticule. An external graticule with adjust- 
able illumination is installed over the face of the crt. 
Refer to figure 5-9 for a schematic of the added circuit. 
CRT's without internal graticule are available with 
types P7, P11, andP3lphosphor. Afilteris also sup- 
plied with each crt; amber for P7 type, blue for P11 
type, and green for P31 type. 
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1-19. OPTION 06. This option provides rear panel 
connectors in parallel with the front panel input con- 
nectors. One connector is wired in parallel with the 
VERTICAL input terminals on the front panel, and 
one connector is wiredin parallel with the HORIZON- 
TAL input terminals as shown in figures 5-6 and 5-7. 
Mating connectors and cableclamps are also supplied. 
The additional circuitry changes the vertical input 
capacitance to approximately 75 pf, and the horizontal 
input capacitance to approximately 135 pf. 


1-20. OPTION 10. Thisoptionprovides circuitry for 
Single sweep operation. Operation procedures are 
containedin figure 3-2 and a schematic for aie added 
circuit is shown in figure 5-8. 


1-21. OPTION 13. This option provides a plain 

7 x 9 x 3/16 inch front panel for rack mounting only. 
The panel is suitable for installing special handles to 
match existing equipment in system or console 
configuration. 


1-22. AMBER FILTER. A special amber filter is 
supplied with oscilloscopes having an internal graticule 
crt with P7 phosphor. This filter may be installed 
for improved visual observation of displays such as 
single-shot phenomenaor very lowfrequency applica- 
tions. The filter will improve the long persistency 
characteristics desired for visualobservations of this 
typedisplay. To install the filter proceed as follows: 


a. Remove front panel crt bezel. 
b. Setfilter into bezel, aligning larger rectangular 
slots in the edge of filter with metal guide posts of the 


bezel casting. 


c. Remove oscilloscope top cover for access to 
rear of crt: 


d. Carefully move crt towardrear of instrument 
enough to provide clearance for thickness of installed 
filter (about 1/8 inch). 


e. Loosen clamp at socket of crt. 


f. Replace bezel with filter and tighten bezel 
screws. 


g. Slide crt forward until light mask on front of crt 
just lightly touches filter. 


h. Tighten clamp just enough to keep crt from turn- 
ing. Do not over-tighten the clamp or tube damage 


may result. 


i. Checkalignmentoftrace with graticule accord- 
ing to the procedure given in Section V of this manual. 
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SECTION Il 
INSTALLATION 


2-1. INCOMING INSPECTION. 


2-2. MECHANICAL INSPECTION. Unpack and in- 
spect the Model 120B in the presence of the carrier. 
Be careful when unpacking the instrument, for all 
electron tubes including the cathode ray tube remain 
installed during shipment. Save all packing materials 
until inspection is complete. These materials may 
be required for reshipment in the event shipping dam- 
age is discovered. 


2-3. Inspect the instrument for signs of possible dam- 
age in shipment such as scratched panel, broken 
knobs, etc. If possible, energize the equipment and 
check it operationally (see paragraph 2-5). 


2-4. If there are any indications of damage, file a 
claim with the carrier. Refer to the Hewlett-Packard 
Warranty sheet at the front of this manual. 


2-5. PERFORMANCE CHECK. Paragraph 5-52 con- 
tains performance check procedures for verifying 
operation within listed specifications. The perform- 
ance check is recommended for inclusion in receiv- 
ing quality-control inspection. The following proce- 
dure is offered, however, as a means to check basic 
operation. 


2-6. INITIAL TURN ON. Energize the 120B as 
follows: 

a. Turn INTENSITY control to OFF and plug in 
power cable. 

b. Set SWEEP MAGNIFIER switch to X1 position. 

c. Set HORIZONTAL DISPLAY switch to 0.5 MIL- 
LISECONDS/CM position. 

d. Center HORIZONTAL POSITION and VERTICAL 
POSITION controls. 

e. Turn 120B on and allow two minutes warmup. 

f. Set TRIGGER LEVEL to AUTO. 

g. Rotate INTENSITY clockwise until trace appears. 
If crt remains blank, press BEAM FINDER and re- 
adjust position controls as necessary. 

h. Adjust FOCUS for thin, well-defined trace, and 
adjust HORIZONTAL POSITION to place left end of 
sweep on left-end graticule line. 


2-7. POWER REQUIREMENTS. 


2-8. The Model 120B requires a power source of 115 
or 230 volts +10%, single phase, 50 to 1000 cps, which 
can deliver approximately 95 watts. The oscilloscope 
is normally shipped from the factory wired for use 
with a 115-volts power source. To convert the in- 
strument for use with a 230-volt source, change the 
dual primary windings of transformer T302 from a 
parallel combination to a series combination. Figure 
2-1 illustrates the connection for 115- and 230-volt 
operation. At the time of the change, replace the 
1.6-ampere slow-blow line fuse with 0. 8-ampere slow- 
blow fuse. 
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115 VOLT CONNECTION 


U0-S-529 


Figure 2-1. Primary-Power Connections 


2-9. For the protection of operating personnel, the 
National Electrical Manufacturers' Assn (NEMA) 
recommends that the instrument panel and cabinet 
be grounded. This instrument is equipped with a 
three-conductor power cable which, when plugged into 
an appropriate receptacle, grounds the instrument. 
The offset pin on the power cable three-prong con- 
nector is the ground pin. To preserve the protection 
feature when operating the instrument from a two- 
contact outlet, use a three-prong to two-prong adap- 
ter and connect the green pigtail on the adapter to 
ground. 
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INSTRUCTIONS 

|, REMOVE TILT STAND, FEET, AND 
TRIM STRIP. 

2. ATTACH FILLER STRIP AND FLANGES 
KEEPING LARGE NOTCH ON FLANGES 
TO INSTRUMENT BOTTOM. 


FILLER STRIP 


BOTTOM PANEL 


aa 


. ~S 


TRIM STRIP iN 
(ADHESIVE BACK) 


Figure 2-2. 


2-10. INSTALLATION. 


2-11. MODULAR CABINET. The Model 120B Oscil- 
loscope is shipped fromthe factory as a bench instru- 
ment with the tilt stand, feet and plastic trim inplace. 
The top and bottom cabinet covers may be removed, 
giving complete accessibility to all components and 
adjustments. When used on the bench, other instru- 
ments may be stacked on the louver-free top surface; 
however, sufficient space should be allowed around 
the cabinet for adequate circulation of air. 


2-12. RACK MOUNTING. Prepare the cabinet for 
rack mounting as illustrated in figure 2-2. The trim 
strip and rack-mounting flanges are in the shipping 
container with the instrument. After preparation, lift 
instrument into place and secure mounting flanges to 
rack with appropriate screws. Allow adequate venti- 
lation for the instrument in the rack. 


2-13. REPACKAGING FOR SHIPMENT. 


2-14. The following list is a general guide for re- 
packaging an instrument for shipment; however, if you 
have any questions, contact your authorized Hewlett- 
Packard sales representative. 
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FOOT RELEASE 
BUTTON 


PLASTIC 
FOOT 


RACK MOUNTING 
FLANGE 


Rack Mounting 


a. If possible, use original container designed for 
the instrument. 

b. Wrap instrument in heavy paper or plastic before 
placing it in shipping container. 

c. Use sufficient quantities of packing material 
around all sides of the instrument and protect panel 
with cardboard strips. 

d. Use heavy cardboard carton or wooden box to 
house the instrument and use heavy tape or metal 
bands to seal the container. 

e. Mark packing box with ''Fragile", ‘Delicate In- 
strument", etc. 


Note 


If the instrument is to be shipped to 
Hewlett-Packard Company for ser- 
vice or repair, attach to the instru- 
ment atag identifying the owner, the 
instrument's complete serial num- 
ber, and the service or repair to be 
accomplished; in addition, notify 
Hewlett-Packard Company or arep- 
resentative before shipping the in- 
strument. In any correspondence, 
reference the instrument by model 
number and complete serial number. 
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SECTION III 
OPERATION 


3-1. INTRODUCTION. 


3-2. This section contains operating instructions for 
the Model 120B Oscilloscope. Included are descrip- 
tions of the Model 120B controls and indicators, and 
operation of the Model 120B as a general-purpose 
oscilloscope. 


3-3. CONTROLS AND INDICATORS. 


3-4. Figure 3-1 illustrates the controls and indica- 
tors along with a short description of the particular 
function of each. 


3-5. GENERAL OPERATING 
SUGGESTIONS. 


3-6. The following paragraphs, 3-7 through 3-16, 
provide suggestions for expediting and simplifying 
operation of the Model 120B. 


3-7. SYNCHRONIZING THE SWEEP. The horizontal 
sweep can be synchronized with the vertical input 
signal (INT positions of TRIGGER SOURCE switch), 
the ac line frequency (LINE position), or an external 
sync signal (EXT position). 


3-8. When the TRIGGER LEVEL control is in AUTO 
position, a sweep appears on the crt without applica- 
tion of any type of synchronizing signal; however, 
when a synchronizing signal above approximately 50 
cps is applied, the sweep automatically synchronizes 
with this signal and the sweep is triggered at the 
point where the signal crosses the zero axis (average 
de level of synchronization signal). If a synchroniz- 
ing signal below approximately 50 cps is being used, 
the TRIGGER LEVEL control should be out of AUTO 
position. 


3-9. Rotating the TRIGGER LEVEL control in a 
clockwise direction permits the trigger point to be 
set between +2 cm along the positive or negative- 
going portion of a vertical input signal, depending on 
whether the TRIGGER SOURCE switch is in INT+ or 
INT- position, respectively. When the TRIGGER 
SOURCE switchisin EXT position, rotating the TRIG- 
GER LEVEL control in a clockwise direction permits 
the trigger point to be set between +7 volts along the 
negative-going portion of the synchronizing signal. 


3-10. The particular type of synchronization best 
suited depends on the type of measurement being made 
and the type of crt display desired. 


3-11. AC/DC COUPLING. Ac coupling (AC-DC 
switch in AC position) removes any dc level present 
in the vertical or horizontal input signals. This pre- 
vents excessive dc levels from deflecting the crttrace 
off the face of the crt, often to the point where the 
POSITION controls cannot bring the crt trace within 
view. 
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CAUTION 


When using ac coupling, do not ex- 
ceed a dc level input of 600 volts. 


3-12. When pulse or square waves having a frequen- 
cy less than 200 cps are being measured, dc coupling 
is recommended (AC-DC switch in DC position). 


3-13. BEAM FINDER OPERATION. The crt trace 
may frequently be deflected off the crt face by exces- 
Sive dc input levels or by misadjustment of the verti- 
cal POSITION and horizontal POSITION controls. 
The BEAM FINDER pushbutton is extremely useful 
under these conditions. When the BEAM FINDER is 
depressed, the beam is confined to the face of the 
crt, brightened, and defocused to prevent burning of 
the crt phosphor. If the crt trace is centered with the 
POSITION controls when the BEAM FINDER is de- 
pressed, the trace will remain on the crt face when 
the BEAM FINDER is released. 


3-14. VERTICAL SENSITIVITY SELECTION. When 
the vertical VERNIER control is in CAL position, the 
VERTICAL SENSITIVITY switch provides attenuation 
of the vertical input signal in four calibrated steps, 
10 mv/cm, 100 mv/cm, 1v/cm, and 10 v/cm. Ro- 
tating the vertical VERNIER control in a counter- 
clockwise direction permits continuous adjustment of 
sensitivity between steps, and extends 10 v/cm step 
to at least 100 v/cem. When the VERTICAL SENSITI- 
VITY switch is in CAL position, a calibrating signal 
is automatically connected to the vertical amplifier. 


3-15. COMMON-MODE REJECTION. Balanced in- 
put to the vertical amplifier is obtained by removing 
the ground jumper across two of the vertical input 
terminals and applying a balanced signal input. Bal- 
anced input is useful in applications where it is de- 
sired to simultaneously amplify the out-of-phase (dif- 
ferential) signal and attenuate the in-phase (common 
mode) signals, such as hum, noise, etc. 


3-16. A change in the relative position of the Model 
120B Oscilloscope with respect to the earth's mag- 
netic field could result in the trace becoming mis- 
aligned. To re-align the trace with the graticule, 
adjust SCALE, screwdriver adjustment,on the front 
panel (Figure 3-1). 


Notes 


Figures 3-2 through 3-5 assume 
that the FOCUS, POSITION, and IN- 
TENSITY controls are preset by the 
operator for the desired display. 


If in doubt as to the exact function 
of a switch listed in figures 3-2 
through 3-5, refer to figure 3-1 
for a functional description. 
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Figure 3-1 


3-2 


10. 


INTENSITY 


_ & POWER 


BEAM FINDER 


FOCUS: Controls crt focus. 


Horizontal VERNIER: Adjusts _ sensitivity 
between ranges; in CAL position, deflec- 
tion as indicated by selected VOLTS/CM 
position of HORIZONTAL DISPLAY switch. 


HORIZONTAL DISPLAY: 15 positions se- 
lect sweep speed, 3 positions select hori- 
zontal deflection sensitivity. 


TRIGGER LEVEL: Determines level of 
trigger point on sync signal. 


TRIGGER SOURCE: Four positions select 
sweep synchronization. 


Vertical VERNIER: Adjusts sensitivity be- 
tween ranges; in CAL position, deflection 
as selected by VERTICAL SENSITIVITY 
switch. 


VERTICAL SENSITIVITY: Four positions 
select deflection sensitivity. CAL position 
displays internal calibrator signal. 

CAL: Adjusts calibration of vertical input. 
Vertical input terminals. 

Vertical AC-DC: AC position input capaci- 
tively coupled into vertical amplifier. DC 
position input directly coupled into vertical 


amplifier. 


Figure 3-1. 


ii; 


12. 


13. 


14. 


15. 


16. 


1A 


18. 


19. 


20. 


Model 120B 


OSCILIfOScCOPE 
HEWLETT PACKARD 
MODEL 1208 


Vertical POSITION: Controls vertical posi- 
tion of crt display. 


BAL: Adjust for no vertical shift with ro- 
tation of vertical VERNIER. 


SWEEP MAGNIFIER: In X1 position sweep 
time selected by HORIZONTAL DISPLAY. 
In X5 position sweep speed is 5times faster. 


EXT. SYNC OR HORIZ: External sync or 
horizontal amplifier input. 


Horizontal AC-DC: AC position input capac- 
itively coupled into horizontal amplifier. 
DC position input directly coupled into hor- 
izontal amplifier. 


Z AXIS: Input for crt intensity modulation 
signal. 


Horizontal POSITION: Controls horizontal 
position of crt display. 


BEAM FINDER: Returns beam to crt face 
regardless of horizontaland vertical POSI- 
TION settings. 


INTENSITY & POWER: Applies ac line 
power and controls crt intensity. 


SCALE: Aligns trace with graticule. 


Model 120B Oscilloscope, Front View 
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. Apply vertical 
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INTENSITY 
& POWER 


INTERNAL HORIZONTAL SWEEP: 


. Set vertical AC-DC to desired type of input 


coupling. 


. Set VERTICAL SENSITIVITY to desired vertical 


sensitivity. 


. Set vertical VERNIER to CAL for calibrated 


sensitivity. 


. Set HORIZONTAL DISPLAY to desired horizontal 


sweep time. Set VERNIER to CAL for calibrated 
Sweep time. 


5. Set SWEEP MAGNIFIER to X1 or X5, as desired. 
. Set TRIGGER SOURCE to desired type of horizon- 


tal sweep synchronization. If external sync is 
selected, connect sync signal to EXT. SYNC. 


input signal to vertical input 
terminals. 


. Adjust TRIGGER LEVEL for desired synchroni- 


zation. 


Section III 
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VERTICAL 
SENSITIVITY /_ VERNIER 


POSITION 


© 


AC-DC 


zaxs MO 


EXT. SYNC. 
OR HORIZ 


. Set SWEEP switch to normal (N), 


120B— B8—6A 


SINGLE SWEEP (OPTION 10): 


TRIGGER 
SOURCE switchto EXT, and remove any external 
trigger source. 


. Adjust TRIGGER LEVEL control fully clockwise. 


Minimum trigger sensitivity is obtained with the 
control in this position. 


. To increase trigger sensitivity, rotate TRIGGER 


. Set SWEEP switch to single (S). 


LEVEL control counterclockwise. Maximum 
sensitivity will be obtained just prior to the point 
where the oscilloscope sweeps intermittently. 


The instrument 
is now in the "armed" state and will sweep once 
when triggered. 


. To rearm the sweep circuit, set SWEEP switch 


fromStoNandthenbacktoS. External triggering 
should not be applied during this operation to pre- 
vent the single sweep from occurring immediately 
when the switch is returned to the S position. 


Figure 3-2. Operation Using Internal Horizontal Sweep or Single Sweep 
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HORIZONTAL VERTICAL 
DISPLAY / VERNIER TRIGGER SENSITIVITY /_VERNIER 
SOURCE / LEVEL MILLIVOLTS/Cit 


INT+ ExT. 


INTENSITY 
POSITION SWEEP MAGNIFIER POSITION 


@ POWER 
\ CO} xi [I] «s 
OFF 


EXT. SYNC. 
BEAM FINDER UW | oR HoRIz 


Set vertical AC-DC to desired type of input . Apply external horizontal sweep to hori- 
coupling. zontal input terminals. 


Set VERTICALSENSITIVITY to desired ver- . Apply vertical input signal to vertical input 
tical sensitivity. terminals. 


Set vertical VERNIER to CAL for calibrated 
sensitivity. Note 


Set HORIZONTAL DISPLAY to desired 

VOLTS/CM. Set VERNIER to CAL for cal- Relative phase shift of hori- 

ibrated sensitivity. zontal and vertical amplifiers 
is the same +2° to 100 ke only 

Set horizontal AC-DC to desired type of when both VERNIER controls 

coupling. are set to CAL. 


Figure 3-3. Operation Using External Horizontal Input 
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HORIZONTAL VERTICAL 
SENSITIVITY /_ VER 


FOCUS 


INTENSITY 
& POWER 


& 


BEAM FINDER 


es 
© 
SZ 


Set vertical AC-DC to desired type of input 
coupling. 


Set VERTICAL SENSITIVITY to 10 MILLI- 
VOLTS/CM. (Input not balanced in any 
other position of VERTICAL SENSITIVITY 
switch. ) 


Set vertical VERNIER to CAL for calibrated 
sensitivity. 


Set HORIZONTAL DISPLAY to desired hor- 
izontal sweep speed. 


Set SWEEP MAGNIFIER to X1 or X5, as 
desired. 


Set TRIGGER SOURCE to desired type of 
horizontal sweep synchronization. 


DISPLAY _/ VERNIER TRIGGER 


SWEEP MAGNIFIER POSITION 


x! [TJ xs 


@ CAL 


Bae AC-DC 
EXT. SY’ 
OR HORIZ Ne 


Remove grounding strap from vertical in- 
put terminals. 


Connect vertical signal to vertical input 
terminals; if ac coupling is desired, con- 
nect 0.1-uf 600-volt capacitor in series 
with center vertical input terminal. 


Note 


The common-mode input sig- 
nal voltage, either positive or 
negative, must not exceed 3 
volts minus the peak amplitude 
of the differential input signal. 


Adjust TRIGGER LEVEL for desired syn- 


chronization. 


Figure 3-4. Operation Using Balanced Vertical Input 
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HORIZONTAL VERTICAL 
DISPLAY _/_ VERNIER TRIGGER SENSITIVITY /_ VERNIER 
SOURCE / LEVEL MILLIVOLTS/Cm 


INT- LINE 
EXT 


© 


INTENSITY 
@ POWER POSITION SWEEP MAGNIFIER 


o 6 Ts 


AC-DC 
EXT. SYNC. 
BEAM FINDER Z AXIS OR HORIZ 


ox 
O 
7 


CALIBRATION ADJUSTMENTS: BALANCE ADJUSTMENTS: 


Set vertical VERNIER to CAL. . Set VERTICAL SENSITIVITY to 10 MILLI- 
VOLTS/CM. 
Set VERTICAL SENSITIVITY to CAL. 
5. Set vertical AC-DC to DC. 
Adjust CAL for exactly 6cm of vertical de- 
flection. 6. Short vertical input terminals. 


While rotating vertical VERNIER back and 
forth, adjust BAL for no shift of spot. 


Figure 3-5. Vertical Deflection Calibration and Balance Adjustment 
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SECTION IV 
PRINCIPLES OF OPERATION 


4-1. OVERALL BLOCK-DIAGRAM 
DESCRIPTION. 


4-2. The oscilloscope is comprised of five major 
functional circuit groups: the vertical amplifier, the 
sweep generator, the horizontal amplifier, the low- 
voltage power supply, and the high-voltage power sup- 
ply (see figure 4-1). 


4-3. The vertical input signal is applied to the ver- 
tical amplifier through a frequency-compensated at- 
tenuator. The vertical amplifier converts the vertical 
input to two 180-degree-out-of-phase signals and ap- 
plies the amplified signals to the crt as the vertical 
deflection; in addition, the vertical amplifier applies 
the signals to the TRIGGER SOURCE switch, when 
they are used as the INT+ and INT- sync signals. 


4-4. The horizontal or sync input signal is applied to 
the HORIZONTAL DISPLAY switch. Depending on the 
setting of this switch, the signal is applied to either 
the TRIGGER SOURCE switch (to be used as the ex- 
ternal sync signal) or to the horizontal amplifier (to 
be used as the external horizontal input signal). 


4-5. In addition tothe internal and external sync sig- 
nals, the TRIGGER SOURCE switch receives 6.3 volts 
ac from the low-voltage power supply; this provides 
for a sync-signal repetition rate equal to the line- 
voltage frequency. 


4-6. The sync signal selected by the TRIGGER 
SOURCE switch is applied to the sweep generator, 
wherein the sync signal initiates the horizontal sweep 
signal and the unblanking gate. The sweep generator 
applies the sweep signal to the horizontal amplifier, 
and the resultant amplified sweep is applied to the 
crt as the horizontal deflection signal. The unblank- 
ing gate is applied to the high-voltage power supply. 
If an external horizontal sweep is being applied in 
place of the sweep from the sweep generator, the ex- 
ternal sweep is amplified by the horizontal amplifier 
and applied to the crt. 


4-7. The low-voltage power supply receives 115/230- 
volts, single-phase power from the line andgenerates 
the following output voltages: 6.3 volts ac, a regu- 
lated +19 volts dc, +99 volts dc, +100 volts dc, -150 
volts dc, +300 volts dc, and an unregulated +420 volts 
dc. These voltages are distributed, as required, to 
the high-voltage power supply, the vertical amplifier, 
the horizontal amplifier, and the sweep generator. 


4-8. The high-voltage power supply generates the 
high voltages for the crt. The unblanking gate and 
Z-axis signals applied to the high-voltage power sup- 
ply effectively alter the value of the power-supply 
voltages to allow unblanking and modulation of the crt 
intensity. 


VERTICAL DEFLECTION 


VERTICAL 
INPUT 


UNBLANKING GATE 


TRIGGER SOURCE 


(1OF3 SECTIONS) 


HORIZONTAL >—T—_ 


AND SYNC (= 
INPUT —-— HORIZONTAL DISPLAY 


LINE 
EXTERNAL HORIZONTAL SWEEP 


HORIZONTAL SWEEP 


>TO CRT 


HIGH VOLTAGE 


Z-AXIS INPUT 


HIGH ASTIGMATISM VOLTAGE > 
VOLTAGE 


115/230 VOLTS meee 
60 CPS VOLTAGE 6.3 VOLTS AC 


POWER FOCUS VOLTAGE 
SUPPLY 


INTENSITY VOLTAGE 


TO AMPLIFIERS 


POWER 
| PHASE SUPPLY D-C VOLTAGE 


re AND SWEEP 


CIRCUIT 


Figure 4-1. Overall Block Diagram 
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4-9. CIRCUIT ANALYSIS. 
4-10. VERTICAL AMPLIFIER. 


4-11. For ac coupling, capacitor Cl is placed in 
series with the signal path by means of the AC-DC 
switch. (See figure 5-6.) The input signal is then 
_ applied to VERTICAL SENSITIVITY switch S2. When 
the switch is in the CAL position, the input of the am- 
plifier is directly connected to the output of the cali- 
brator (V4, V5, and associated circuit parts). When 
the VERTICAL SENSITIVITY switch is in other posi- 
tions, precision frequency-adjusted attenuators are 
inserted. These attenuators give a ten-to-one atten- 
uation between adjacent positions. The input signal is 
then applied to the control grid of amplifier V1A. 


4-12. Balanced input to differential amplifier V1B is 
obtained by removing the ground jumper across re- 
sistor R1 (ground strap on front panel) and applying a 
balanced signal input. Balanced input is useful in ap- 
plications where it is desired to simultaneously am- 
plify the out-of-phase (differential) signal and atten- 
uate the in-phase (common mode) signals, such as 
hum, noise, etc. This rejection is an inherent prop- 
erty of differential amplifiers. The common-mode 
signals are attenuated by 40 db (100:1), whereas any 
differential input is amplified. 


4-13. The vertical amplifier consists of three sets 
of balanced differential amplifiers (V1, V2, and V3) 
in cascade. The three’ stages are neutralized by 
plate-to-grid cross neutralization. The first stage, 
V1, has balance and gain adjustments. The balance 
adjustment (BAL) is potentiometer R16 in the cathode 
circuit, which adjusts the current distribution be- 


9 [TRIGGER LEVEL 
| 
| 


FROM sync| TRIGGER 
[TRIGGER SOURCE | GENERATOR 
SW V201 


DIFFERENTIATING 
NETWORK 


Model 120B 


tween the two triodes. Potentiometers R21 (VERNIER 
control) and R20 (CAL) adjust the resistance between 
the plates and therefore determine the gainof the am- 
plifier. The VERTICAL VERNIER control provides 
a ten-to-one variation in gain between ranges of the 
VERTICAL SENSITIVITY switch. The second differ- 
ential amplifier, V2, has potentiometer R32 (vertical 
POSITION control) between its cathodes. This po- 
tentiometer controls the current distribution between 
the two triodes and thus determines the vertical posi- 
tion of the crt display. The third differential ampli- 
fier, V3, is the output stage. Synchronization signals 
are taken from the plates of V3 for application to the 
TRIGGER SOURCE switch. Since the horizontal 
sweep circuits trigger only on the negative slope of 
the signal, provision is made to take the proper syns 
chronizing signal from either plate of V3. 


4-14. One section of the BEAM FINDER switch is in 
the cathode circuit of V3. When pressed, the switch 
increases the common cathode resistance and so re- 
duces the gainof the stage thatno amount of unbalance 
ahead of V3 can deflect the sweep off the crt. 


4-15. The calibrator circuit consists of neon lamps 
V4, V5, and associated circuit parts. When VERT- 
ICAL SENSITIVITY switch S2 is placed in the CAL 
position, V4 ionizes and capacitor C14 begins charg- 
ing. As the voltage across capacitor C14 rises, the 
voltage at the junction of V4 and R52 rises propor- 
tionally. When the voltage at this junction reaches 
the firing potential of V5, V5 ionizes. Since the con- 
ducting potential of V5 is less the firing potential, the 
voltage at the junction of V4and V5 drops, and V4 de- 
ionizes. C14 discharges through R53, and the poten- 
tial across V4 increases. When the potential across 


GATE-OUT UNBLANKING 
CATH ODE GATE TO 
FOLLOWER H|IGH-VOLTAGE 


V204 POWER SUPPLY 


Vv 

SWITCH DIODE 
CR201 

start-stop | LI an SAWTOOTH 


TRIGGER INTEGRATOR 
V202 V205A 


SAWTOOTH 
CATHODE 
FOLLOWER 

V205B 


HOLD-OFF SWEEP MAGNIFIER] ole 


CATHODE TO 
FOLLOWER HORIZONTAL 


Figure 4-2. Sweep Generator, Block Diagram 
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GRID OF 
V201A 


PLATE OF 
V20lIB 


JUNCTION 
OF C207 
AND C208 


PLATE OF 
V202B 


GRID OF 
V203B 
(SEE NOTE) 


GRID OF 
V202A 


NOTE: 
LENGTH OF SAWTOOTH DEPENDS 


ON RC TIME CONSTANT 
SELECTED BY 


HORIZONTAL DISPLAY 
SWITCH 


ED=S$—'5:3:0 


Figure 4-3. Sweep Generator Waveforms 


V4 reaches the firing potential, V4 fires and the volt- 
age at the junction of V4 and V5 drops, deionizing V5. 
C14 starts charging again, and the cycle repeats. A 
60-mv square wave is developed across R54, and 
this signal is applied through the SENSITIVITY switch 
to the vertical amplifier. 


4-16. SWEEP GENERATOR. 


4-17. BLOCK-DIAGRAM DESCRIPTION. (See figure 
4-2.) The sync signal from the TRIGGER SOURCE 
switch is applied totrigger generator V201. Thetrig- 
ger generator produces a rectangular wave with a 
repetition frequency equal to that of the input sync 
signal. This rectangular wave is applied to a differ- 
entiating network which converts it to positive and 
negative spikes that are coincident with the leading 
and trailing edges of the rectangular wave. These 
spikes are then applied to the input of start-stop trig- 
ger V202. 


4-18. The negative spike switches the start-stop 
trigger, which produces two step outputs. The posi- 
tive-going output is applied through V204 to the high- 
voltage power supply as the crt unblanking gate, and 
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the negative-going output is applied to switch diode 
CR201. 


4-19. Switch diode CR201 normally clamps the input 
to sawtooth integrator V205A to a low negative volt- 
age, preventing sawtooth integrator V205A from gen- 
erating a sawtooth waveform. When the negative- 
going step signal from the start-stop trigger is applied 
to the switch diode, however, the diode is reverse 
biased and allows the sawtooth integrator to generate 
a sawtooth waveform. 


4-20. The sawtooth output of V205B is simultaneously 
applied to the horizontal amplifier to serve as the 
horizontal sweep signal and the hold-off cathode fol- 
lower V203B. The output of the hold-off cathode fol- 
lower is applied to the input of the start-stop trigger 
toterminate the sweep. The values of R andC selected 
by the HORIZONTAL DISPLAY switch determines the 
slope of the sweepand therefore the time of the sweep. 
Clamp V204 ensures that the sawtooth always starts 
at the same level. Figure 4-3 shows the relative 
timing of the sweep generator waveforms. 


4-21. TRIGGER GENERATOR V201. (See figure 
5-8.) The sync signal selected by the TRIGGER 
SOURCE switch is applied through capacitor C202 and 
resistor R201 to the input control grid of V201, which 
is aSchmitt trigger circuit whenthe TRIGGER LEVEL 
control is not in AUTO. The Schmitt trigger is a 
form of bi-stable multivibrator, and is used to obtain 
pulses with rapid rise and fall times. 


4-22. Figure 4-4 illustrates a simplified Schmitt 
trigger and typical input and output waveforms. If in- 
itially the input voltage (figure 4-4) is such that V1 is 


OUTPUT 


V2 


Q Qa 
enna amare er em ity Oil ES Ss 
= LIMITS 


OUTPUT | | | | 


a b a b LO-$-53 


Figure 4-4. Typical Schmitt Trigger 
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cutoff, V2 conducts. As the input voltage becomes 
more positive, it eventually reaches a predetermined 
level (a) at which the circuit changes state; that is, 
V1 conducts and V2 is cutoff. If the input voltage then 
goes negative, the common cathode potential decreases 
and the grid of V2 becomes positive. When the input 
reaches a second predetermined level (b), V2 conducts 
and the circuit switches back to its initial state. The 
output of the circuit is a voltage step, either positive 
or negative depending upon the slope of the input 
signal. 


4-23. The input voltage levels at which a Schmitt 
trigger circuit switches are called the hysteresis 
limits. Note that the circuit (figure 4-4) does not 
switch unless the input crosses both limits. 


4-24. Trigger generator V201 has some additional 
features: the TRIGGER LEVEL control adjusts the 
bias on V201Aand thus determines the level which the 
input trigger must reach to change state; in addition, 
when the TRIGGER LEVEL control is at its extreme 
limit, switch $202 is placed in AUTO. This opens the 
shunt across resistor R207 and capacitors C205 and 
C206, and the trigger generator becomes an astable 
multivibrator. This provides triggers to the stop- 
start trigger even though no sync is applied to the 
trigger generator. When async Signal above approxi- 
mately 50 cps is applied, however, the trigger gen- 
erator then synchronizes with the sync signal. The 
step output of the trigger generator is taken from the 
plate of V201Band applied to a differentiating network. 


4-25. DIFFERENTIATING NETWORK. (See figure 
5-8.) The differentiating network is composed of the 
series combination of capacitor C207, inductor L201, 
and resistor R210. The r-c time constant of this net- 
work is extremely small compared with the width of 
the trigger generator output pulses; consequently, the 
signal developed across inductor L201 and resistor 
R210 consists of short negative and positive spikes 
that are coincident with the leading and trailing edges 
of the trigger generator output pulses. These spikes 
are coupled through capacitor C208 tothe control grid 
of V202A, one half of the start-stop trigger. 


4-26. START-STOP TRIGGER V202, CLAMP V203A, 
AND SWITCH DIODE CR201. {See figure 5-8.) The 
start-stop trigger is a Schmitt trigger circuit. A 
typical Schmitt trigger is describedin paragraph 4-22. 
V202 is triggered by a negative spike pulse from the 
differentiating network. One output step waveform is 
taken from the plate of V202B and simultaneously ap- 
plies to switch diode CR201 and the grid of clamp 
V203A. The waveform applied to V203A cuts off 
V203A, and thus disables the clamping action of this 
tube. The waveform applied to switch diode CR201 
reverse-biases the diode, and thus it ceases conduc- 
tion. Another step output is taken from the plate of 
V202A and applied through cathode follower V204 to 
the high-voltage power supply; this serves as the crt 
unblanking gate. 


4-27. SAWTOOTH GENERATOR V205A AND SAW- 
TOOTH CATHODE FOLLOWER V205B. (See figure 
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5-8.) Sawtooth generator V205A is a Miller in- 
tegrator which produces a linear sawtooth waveform. 


When switch diode CR201 ceases conduction, the in- | 


tegrating capacitor charges through the integrating 
resistance, producing a negative-going potential at 
the control-grid of V205A. The amplified signal at 
the plate of V205A is coupled back through sawtooth 
cathode follower V205B to the integrating capacitor, 
completing the negative feedback required by this 
Miller type integrator. 


4-28. The sawtooth signal at the cathode of V205B is 
also applied to SWEEP MAGNIFIER switch $102. 
When S102 is in the X5 position, the sawtooth applied 
to the horizontal amplifier has a peak amplitude five 
times greater than that applied when $102 is in the X1 
position; hence, the angle of slope is increased five 
times and the sweep time is one-fifth of that selected 
by the HORIZONTAL DISPLAY switch. 


4-29. The sawtooth signal at the cathode of V203B is 
applied to the control grid of V202A. When the slope 
of the signalreaches the upper hysteresis limit of the 
start-stop trigger, the trigger changes state; hence, 
the unblanking gate output of V203A is terminated. 
The switch diode CR201and clamp V204 again conduct, 
respectively, halting the charging of the integrating 
capacitor and terminating the sawtooth waveform. 
The hold-off capacitor in the cathode of V203B charges 
during the rising slope of the signal output of the hold- 
off cathode follower but does not immediately dis- 
charge when the sawtooth input to the hold-off cathode 
follower terminates. This prevents the start-stop 
trigger from again being triggered bya negative spike 
until the sweep circuits have fully recovered. A dif- 
ferent value of hold-off capacity is selected for each 
setting of the HORIZONTAL DISPLAY switch. 


4-30. HORIZONTAL AMPLIFIER. 


4-31. The grid of V101A (figure 5-7) receives either 
the sweep output from the horizontal sweep circuits 
or from an external sweep source, depending on the 
setting of the HORIZONTAL DISPLAY switch. When 
external sweepis being used (EXT SENSITIVITY posi- 
tions), any one of three horizontal sweep sensitivities 
can be selected: .1 VOLTS/CM, 1 VOLTS/CM, or 10 
VOLTS/CM. The AC-DC switch allows selection of 
direct coupling, or ac coupling through capacitor 
Cigl: 


4-32. The horizontal amplifier consists of two dif- 
ferential amplifiers (V101 and V102) in cascade. When 
the HORIZONTAL DISPLAY switch is set toone of the 
EXT SENSITIVITY positions, the resistance between 
the cathodes of amplifier V101 consists of the hori- 
zontal VERNIER control (R275B) in series with the 
horizontal gain control (R104); otherwise, resistor 
R107 is between the cathodes. The horizontal POSI- 
TION control (potentiometer R109) between the plates 
of V101 controls the horizontal position of the crt 
trace. The second stage (V102) is neutralized by 
plate-to-grid cross neutralization. The output of the 
horizontal amplifier is taken from the plates of V102 
and applied directly tothe horizontal deflection plates 
of the crt. 
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+19 VOLTS DC 
TO AMPLIFIERS 
Vl,V2 AND VIOI 


+99 VOLTS DC __ 
+300 VOLTS DC 
+100 VOLTS DC 
+420 VOLTS DC _UNREG 


TO AMPLIFIERS, 
SWEEP CIRCUITS, 
AND HIGH-VOLTAGE 
POWER SUPPLY 


6.3 VOLTS AC 


-150 VOLTS DC 


REGULATED 
POWER SUPPLY 


BO-M-268 


Figure 4-5. Low-Voltage Power Supply, Block Diagram 


4-33. One section of the BEAM FINDER switch is in 
the cathode circuit of V102. When pressed, the switch 
increases the common cathode resistance and so re- 
duces the gain ofthe stage that noamount of unbalance 
ahead of V102 can deflect the sweep off the crt. 


4-34. LOW-VOLTAGE POWER SUPPLY. 


4-35. BLOCK-DIAGRAM DESCRIPTION. (See figure 
4-5.) The 115/230-volt, single-phase power is ap- 
plied through switch S301 to transformer T302. The 
transformer applies 6.3 volts ac to the vertical am- 
plifier, horizontal amplifier, sweep generator, and 
high-voltage power supply for use as filament voltage; 
the transformer also applies appropriate ac voltages 
to the following: the +19-volt d-c regulated power 
supply; the +300-, +100-, and +99-volt dc regulated 
power supply; and the -150-volt dc regulated power 


supply. 


4-36. The regulated power supplies deliver their dc 
outputs to the following circuits: +19 volts dc is 
applied to the horizontal and vertical amplifiers; and 
+19, +100, +300, and -150 volts de are applied to the 
vertical amplifier, the horizontal amplifier, the hor- 
izontal sweep circuits, and the high-voltage power 
supply; in addition, the -150-volt supply applies aneg- 
ative voltage to the +19-, +99-, +100-, and +300-volt 
supplies for use as a control voltage. 


4-37. -150-VOLT DC REGULATED POWER SUP- 
PLY. The -150-volt supply (figure 5-9) in the 120B 
is used as a reference supply for the +300-, +100-, 
and +99-volt supplies; therefore, any change in the 
-150 volt supply is reflected as a change inthese sup- 
ply voltages. The ac voltage from T302 is rectified 
and partially filtered by rectifier CR303 and capaci- 
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tor C325A. The resulting dc voltage is regulated fur- 
ther by tubes V309, V310, and V311. 


4-38. The circuit functions as follows: when power 
is applied (assuming the -150-volt supply has been ad- 
justed properly) the cathode of V310 becomes fixed at 
-65 volts and the grid assumes a slightly more nega- 
tive value. If a line voltage surge or load current 
change were to occur, tending to lower the supply 
voltage, V310 grid potential would tend to change by 
half the amount, since the grid is tied to a voltage 
divider between -150 volts and ground. The result 
is increased bias for V310, lowering its current, 
raising its plate voltage, which, in turn, lowers the 
bias on V309. This bias change in V309 lowers its 
resistance, decreasing the voltage drop across this 
element which tends to return the supply voltage to 
its original value. 


4-39. +300-, +100- AND +99-VOLT DC REGULATED 
POWER SUPPLY. The +300-volt supply (figure 5-9) 
operates in almost exactly the same manner as the 
-150-volt supply except that it uses the -150-volt sup- 
ply as its voltage reference. In this supply, CR301, 
CR302, V307, and V308 are the rectifier, series reg- 
ulator, and amplifier, respectively. The +100- and 
+99-volt supply is further regulated by V308B, ref- 
erenced to the +300-volt supply. 


4-40. +19-VOLT DC REGULATED POWER SUPPLY. 
(See figure 5-9.) The +19-volt supply (for the fila- 
ments of vertical amplifiers Vland V2) uses rectifier 
CR304 and capacitor C328 for rectifier and filter. 
Transistor Q30lisa series regulator using the poten- 
tial across Zener diode CR302 for its voltage refer - 
ence. The current in transistor Q301 determines the 
value of the dc voltage across the filaments. 
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Figure 4-6. High-Voltage Power Supply, Block Diagram 


4-41. HIGH-VOLTAGE POWER SUPPLY. 


4-42. BLOCK-DIAGRAM DESCRIPTION. (See fig- 
ure 4-6.) Oscillator V302 generates an ac voltage and 
applies it to step-up transformer T301. The stepped- 
up ac voltage is applied to rectifiers V303 and V304. 
The negative high-voltage output of V303 is applied to 
the cathode of the crt, and the negative high-voltage 
output of V304is applied to the control grid of the ert. 
The difference betweenthe two voltages is the crt bias 
and thus controls the crt intensity. 


4-43, Whenthe INTENSITY control setting is changed, 
a change occurs in the cathode high voltage, causing 
a change inthe voltage level at the wiper of the -2500- 
volt adjust potentiometer. This results in regulator 
V301 altering the control voltage in a direction neces- 
sary to return the cathode high voltage to its original 
value; however, this now results in the control-grid 
high voltage being higher or lower than previously 
and thus the crt intensity is altered. 


4-44. HIGH-VOLTAGE RECTIFIER V303. (See fig- 
ure 5-10.) The ac high voltage present in one second- 
ary winding of T301 is rectified by V303 and filtered 
by capacitor C308. A portion of the +100 volts dc 
taken from the wiper of INTENSITY potentiometer 
R321 is effectively in series with and opposing the 
high-voltage output of V303. When the BEAM FIND- 
ER pushbutton is depressed, the opposing voltage 
from the wiper of potentiometer R321 is effectively 
removed andthe intensity of the crt trace is increased. 


4-45. When a signal is applied to the Z AXIS input, 
the signal is applied through capacitor C307 to the 
cathode of the crt and thus modulates the crt intensity. 


4-6 


4-46. A voltage-divider network, consisting of re- 
sistors R313, R311, R310, R309, R307, potentiom- 
eters R312 (FOCUS control) and R308 (-2500 adjust), 
is tied between +300 volts dc and the cathode of the 
crt. The voltage present at the wiper of R312 is ap- 
plied to the crt focusing grid as focusing voltage, and 
the voltage present at the wiper of R308 is applied to 
amplifier V301B as the high-voltage control voltage. 


4-47. AMPLIFIER V301. (See figure 5-10.) Whena 
change in the value of the high voltage occurs, a cor- 
responding change occurs at the wiper of potentiom- 
eter R308. This alters the bias at the grid of V301B, 
and the resultant change in the plate voltage is dc 
coupled through R305 to the control grid of V301A. 
This, in turn, results in a change in the plate voltage 
of V301A, which is connected to the screen grid of 
oscillator V302. The overall effect is that when the 
high voltage decreases, the screen grid voltage of 
V302 increases to a point where the increasedac out- 
put of V302 restores the high voltage to its original 
value. 


4-48. HIGH-VOLTAGE RECTIFIER V304. (See fig- 
ure 5-10.) The ac high voltage across the other sec- 
ondary of transformer T301 is rectified by V304 and 
filtered by capacitor C310. The negative side of the 
high voltage is applied through resistor R327 to the 
control grid of the crt. The positive side of the high 
voltage is applied through resistor R326 to the hori- 
zontal sweep circuits, wherein the unblanking gate is 
generated. When the positive-going unblanking gate is 
generated, the crtcontrol grid bias becomes less neg- 
ative and the crt is unblanked. 
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SECTION V 
MAINTENANCE 


5-1. INTRODUCTION. 


5-2. This section provides maintenance and service 
instructions for the Model 120B Oscilloscope. In- 
cluded are troubleshooting, repair, adjustment, per- 
formance checks, and diagrams. 


5-3. TEST EQUIPMENT. 
5-4. Table 5-1 lists the test equipment required to 


maintain the Model 120B. Equipment with similar 
characteristics can be substituted. 


5-5. TROUBLESHOOTING. 


5-6. The troubleshooting procedures are divided into 
two categories: system troubleshooting, which is used 


to isolate a malfunction to aparticular functional sec- 
tion of the Model 120B; and sectional troubleshooting, 
which is used to locate the faulty detail part. Figures 
5-1 through 5-4 show the location of parts whose des- 
ignations are notdirectly imprinted on acircuit board 
or chassis. 


5-7. SYSTEM TROUBLESHOOTING. 


5-8. Most troubles occurring in the Model 120B will 
directly affect the display on the crt; consequently, the 
system-troubleshooting procedures are based on the 
most common types of faults detectable by crt obser- 
vations. Table 5-2 lists the common types of defects 
that occur in oscilloscope displays, together with the 
circuits most likely to be at fault. After finding the 
faulty section, refer to the sectional troubleshooting 
procedures. 


Table 5-1. Recommended Test Equipment 


No. 


Test Bandwidth: dc to at least 
Oscilloscope 600 kc. Sensitivity: 


10 mv/cm to 100 v/cem, 


Precision 


DC Voltmeter | Accuracy: +1%. 


Input impedance: 1 megohm. 


High-Voltage 
DC Voltmeter 


Voltage range: 3000 volts. 
Accuracy: 8%. 

Input impedance: 100 meg- 
ohms. 


Audio 
Oscillator 


Frequency range: 50 cps 
to 450 kc. 


AC Voltmeter | Voltage range: 1 mv to 
300 v. 

Accuracy: 3%, depending 
on scale used. 

Frequency Range: 50 cps 
to 450 kc. 
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Voltage range: 10-300 volts. 


Hewlett- Packard 
140A. 


Observation of waveforms. 


Hewlett-Packard 
Model 412A. 


Voltage measurements, 


Hewlett-Packard 
Model 410C with 
Model 11045A 
Voltage Divider 
Probe 


Voltage measurements. 


Hewlett-Packard 
Model 200CD. 


Source of sine-wave 
signal. 


Hewlett-Packard 
Models 400D/H/L. 


Voltage measurements. 


aoa | 
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Square Wave 
Generator 


Frequency range: 1 kc to 
100 ke. 

Rise time: Less than 

0.2 usec. 

Amplitude: To 50 volts 
peak-to-peak. 


Voltmeter 
Calibrator 


Accuracy: 0.5%. 


Time Mark 
Generator 


Marker intervals: decade 
steps from 10 usec to 
100 msec. 
Accuracy: 1%. 


Power Auto- 
Transformer 


Output voltage: 103-127 
volts ac (for 115-volt 
input to 120B); 206- 

254 volts ac (for 230- 
volt input to 120B). 


Attenuator 
steps. 
Power capacity: 5 watts. 


5-9. SECTIONAL TROUBLESHOOTING. 


5-10. GENERAL. Prior to troubleshooting any func- 
tional section, a visual inspection should be per- 
formed. Check for open fuse, broken wires, dis- 
colored parts, leaky capacitors, etc. The best meth- 
od for checking tubes is by substitution. 


5-11. HORIZONTAL AND VERTICAL AMPLIFIERS. 
In the event of vertical or horizontal troubles such as 
unbalance or no deflection, check plate voltages, 
starting at the input stage and working toward the crt. 
Be sure the position controls are centered, no signals 
are applied, and the HORIZONTAL DISPLAY switch 
is set to an external horizontal input position. Make 
detailed voltage checks (see paragraph 5-67) in the 
first stage with incorrect plate voltages. In the event 
of frequency response troubles, check tubes first (by 
Substitution) then frequency-compensating devices 
suchas trimmer capacitors, neutralizing and bypass 
capacitors. 


0-12. SWEEP GENERATOR. With the exception of 
trigger generator V201, the sweep generator circuits 
form a feedback loop; consequently, a failure in any 
functional stage inthe loop results in abnormal wave- 
forms appearing in all stages of the loop. For this 
reason, voltage readings are the best means for lo- 
cating troubles in the sweep generator circuit. Voltage 
measurements for both the start-of-sweep and end-of- 
Sweep circuit conditions are listed on figure 5-8. In 
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Table 5-1. Recommended Test Equipment (Cont'd) 


Attenuation: 110 db in 1-db 


Hewlett-Packard 
Model 211A. 


Source of square wave. 


Hewlett-Packard 


Accurate source of ac 
Models 738A/B. 


and de voltages. 


Set sweep times. Tektronix 180. 


General Radio 
Type W10HM. 


Vary line voltage. 


Hewlett-Packard 
Model 350D. 


Attenuation 


the event of sweep failure, itis recommended that both 
voltage measurements be employed to isolate the trou- 
ble. A10 to 15% deviation from the values given can 
be expected, a larger deviation indicates a source of 
trouble. 


5-13. LOW- VOLTAGE POWER SUPPLY. When 
checking the power supplies, check the -150-volt sup- 
plyfirst, for it affects all supplies. Check the other 
supplies in any order. Check all vacuum tubes and 
transistor Q301; if normal, make voltage checks (see 
paragraph 5-67). Voltage and ripple tolerances are 
given in table 5-4. 
CAUTION 


Do not operate the Model 120B with 
incorrect power supply voltages for 
prolonged periods of time. Where 
the procedure calls for a measure- 
ment, turn the instrument on just 
long enough to make the measure- 
ment; then turn the instrument off 
again. 


5-14. HIGH-VOLTAGE POWER SUPPLY. 
WARNING 
Use caution when measuring high 


voltages. Use equipment suited for 
high-voltage measurements. 
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Figure 5-1. Top View, Location of Parts and Adjustments 


5-15. Measure the voltages supplied to the crt. If 
they are normal, replace the crt. If the high voltages 
are not present, check that oscillator V302 is oscil- 
lating. Note that a fault in the crt cathode supply af- 
fects the crt grid supply, whereas a fault in the crt 
grid supply has no effect on the cathode supply. If 
both crt supplies are excessively high, or both exces- 
sively low, make voltage checks on V301 (see para- 
graph 5-67). 
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Note 


Do not reset high voltage adjustment 
R308 unless the need for such adjust- 
ment is clearly indicated. The ad- 
justment of high voltages affects the 
sensitivity of the crtand makes nec- 
essary the readjustment of vertical 
and horizontal gain and time scales. 
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T302 T301 


C309 


Figure 5-2. 


Nothing visible on crt with 
BEAM FINDER pressed. 


Vertical sensitivity out of 
specifications on all sensi- 
tivity ranges; horizontal 
sweep normal. 


Vertical sensitivity out of 
specifications on one range. 


External horizontal sensi- 
tivity out of specifications; 
vertical sensitivity normal. 


Faulty sweep; external hori- 
zontal deflection normal. 


Poor focusing; intensity 
normal, 


Poor intensity. 


A302 


F301 


Table 5-2. 


Pe 


V304 R332 C321 


V303 C324A/B/0 R342 


Low-voltage power supply. 
Vertical amplifier. 


Horizontal amplifier. 


High-voltage power supply. 


Crt: 


Vertical amplifier. 


VERTICAL SENSITIVITY 
switch S82. 


Horizontal amplifier. 


Sweep generator circuits. 


High-voltage power supply. 
Crt 
Low-voltage power supply. 


High-voltage power supply. 


rt 


R331 


C322A/B 


System Troubleshooting 


Symptom Probable Trouble Paragraph Reference 


ike 


if 


2. 


Model 120B 


XQ301 C325A/B 


C328 


High-Voltage Power Supply, Location of Parts 


Paragraphs 4-34 and 5-13 
Paragraphs 4-10 and 5-11 
Paragraphs 4-30 and 5-11 
Paragraphs 4-41 and 5-14 


Paragraph 5-21 


Paragraphs 4-10 and 5-11 


Paragraphs 4-30 and 5-11 


Paragraphs 4-16 and 5-12 


Paragraphs 4-41 and 5-14 
Paragraph 5-21 

Paragraphs 4-34 and 5-13 
Paragraphs 4-41 and 5-14 


Paragraph 5-21 
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< 


Model 120B 


R215 R2l3 A20l R3 


C202 R2i2 S20l C206 R202 R2l4 C205 


Section V 
Paragraphs 5-16 to 5-22 


C2 
120B—A—9A 


Figure 5-3. Vertical Sensitivity (A2) and Trigger Source (A201)Switches, Locationof Parts and Adjustments 


5-16. REPAIR. 
5-17. REPLACEMENT OF SEMICONDUCTORS. 


5-18. Excessive heat can destroy semiconductors. 
When solderingor unsoldering transistors or diodes, 
place a heat-sink (such as long-nose pliers) on the 
lead of the part; in addition, isolate the Model 120B 
from ground, or ground the body of the soldering iron 
to prevent leakage current from damaging the part. 


Note 


When replacing Q301, use a thin coat 
of silicone grease (hp Stock No. 8500- 
0059) on each side of the insulator to 
improve heat transfer from transistor 
to deck. 


5-19. SERVICING ETCHED CIRCUIT BOARDS. 


5-20. Figure 5-5 illustrates the recommended meth- 
od of servicing etched circuit boards. Removal of 
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components, such as tube sockets, that are attached 
to the board at more than two points is difficult when 
trying to remove the partintact. Simplify the removal 
by first cutting the pins or other connections between 
the body of the part and the circuit board, and then 
remove the pins individually. 


5-21. CRT REPLACEMENT. 
WARNING 


When replacing the crt, handle crt 
with care; wear gloves and plastic 
face mask or goggles. 

5-22. Replace the crt as follows: 


a. Remove four mounting screws from bezel, and 
remove bezel. 


b. Loosen clamp screw (figure 5-1) on crt base; do 
not remove screw or Clamp. 
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Figure 5-4. Right-Side View, Side Panel Removed, 
Location of Parts and Adjustments 


c. Remove socket from crt base. 

d. Slide crt forward and out. 

e. Replace in reverse order. 

f. Energize the Model 120B and obtain a free- 
running trace. 

g. If necessary, align graticule and trace by ad- 
justing SCALE control. 


5-23. ADJUSTMENTS. 


5-24. ADJUSTMENTS FOLLOWING REPAIR. 


59-25. Table 5-3 lists the adjustments required fol- 
lowing the replacement of a tube, transistor, or 
diode. If a part associated with an item listed in the 
table is replaced, check the adjustment of the listed 
item. 


5-6 


- describe the adjustments necessary to alignt 1 


perio 


5-26. The following arecnes 5-27 thro 
120B. 
5-27. LOW-VOLTAGE POWER SUPPLY. 


5-28. Table 5-4 lists the tolerances of the dc 

age outputs of the low-voltage power supply. If 
voltage is not within tolerance it is probable | 
line voltage is abnormal, a malfunction has occur 
or the replacement of a tube or part has cause 
misadjustment. If it is confirmed that the powe1 a 
ply and line voltage are normal and the voltages pe Be 


not within tolerance, adjustment is then required. 
5-29. -150-VOLT ADJUSTMENT. Using adc VTVM, — 
adjust potentiometer R352 wigure 5-1) for -150 votes 
de. 


5-30. +19-VOLT ADJUSTMENT. There is no ad- — 
justment for the +19-volt output; if out of tolerancea — 
faulty transistor or part is indicated, or a fault exists 
in the -150-volt power supply. 


5-31. +300-VOLT ADJUSTMENT. There is no ad- 
justment for the +300-volt output; if out of tolerance 
a faulty tube or part is indicated, or a fault exists in 
the -150-volt power supply. 


5-32. +100- AND +99-VOLT ADJUSTMENT. There 
is no adjustment for these outputs; if out of tolerance 
a faulty tube or part is indicated, or a fault exists in 
the -150-volt power supply. 


Note 


If the +300 volts dc is within toler- 
ance and the +100 and/or +99 volts 
de are not within tolerance, a fault 
exists in V308 or associated parts. 


5-33. HIGH-VOLTAGE POWER SUPPLY. 
5-34. Adjust the high-voltage power supply as follows: 


Note 


Adjustment of the high voltage affects 
crt deflection sensitivity, intensity, 
focus, and astigmatism. Checkhor- 
izontal and vertical gain adjustments 
following any adjustment of the high 
voltage. Intensity, focus, and astig- 
matism adjustments are included in 
the following adjustment of the high- 
voltage power supply. 


WARNING 


Voltages in excess of 2,500 voltsare 
present in the high-voltage power 
supply. Take all possible precau- 
tions when performing high-voltage 
measurements. 


a. Connect high-voltage voltmeter between terminal f 
17 or 18 of transformer T302 and ground. 

b. Adjust potentiometer R308 (figure 5-1) for a 
voltmeter reading of -2500 volts. 
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SERVICING ETCHED CIRCUIT BOARDS 


Excessive heat or pressure can lift the copper strip from the board. Avoid damage by using a low power 
soldering iron (50 watts maximum) and following these instructions. Copper that lifts off the board should 
-be cemented in place with a quick drying acetate base cement having good electrical insulating properties. 


_A break in the copper should be repaired by soldering a short length of tinned copper wire across the break. 


Use only high quality rosin core solder when repairing etched circuit boards. NEVER USE PASTE FLUX. 
After soldering, clean off any excess flux and coat the repaired area with a high quality electrical varnish 
or lacquer. 


When replacing components with multiple mounting pins such as tube sockets, electrolytic capacitors, and 
potentiometers, it will be necessary to lift each pin slightly, working around the components several times 
Until wtas free. 


WARNING: If the specific instructions outlined in the steps below regarding etched circuit boards without 
eyelets are not followed, extensive damage to the etched circuit board will result. 


1. Apply heat sparingly to lead of component to be . Reheat solder in vacant eyelet and quickly in- 
replaced. If lead of component passes through sert a small awl to clean inside ofhole. If hole 
an eyelet inthecircuit board, apply heat on com- does not have an eyelet, insert awl or a #57 
ponent side of board. If lead of component does drill from conductor side of board. 
not pass through an eyelet, apply heat to con- 


ductor side of board. CONDUCTOR 
SIDE 


3. Bend clean tinned leads on new part and care- 4, Hold part against board (avoid overheating) and 
fully insert through eyelets or holes in board. solder leads. Apply heatto component leads on 
correct side of board as explained in step l. 


In the event that either the circuit board has been damaged or the conventional method is impractical, use 
method shown below. This is especially applicable for circuit boards without eyelets. 


1. Clip lead as shown below, . Bend protruding leads upward. Bend lead of 
new component around protruding lead. Apply 
solder using a pair of long nose pliers asa 
heat sink, 


yon y 
ie 


APPLY 
SOLDER 


7saaasss SHTsIsssssssssssased. 


Figure 5-5. Servicing Etched Circuit Boards 
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Table 5-3. Adjustments Following Tube, Transistor, and Diode Replacement 


Reference Function Adjustment and Paragraph 
Designation 


Vertical Amplifier 


Amplifier . Balance adjustment (figure 3-5) 


Gain adjustment (paragraph 5-37) 


Neutralization adjustment (paragraphs 5-38 
and 5-40) 


Amplifier . Balance adjustment (figure 3-5) 
Gain adjustment (paragraph 5-37) 


Neutralization adjustment (paragraphs 5-39 
and 5-40) 


Amplifier . Balance adjustment (figure 3-5) 
Gain adjustment (paragraph 5-37) 
Neutralization adjustment (paragraph 5-39) 
Calibrator None 
Calibrator . Calibrator adjustment (paragraph 5-41) 
Horizontal Amplifier 
Amplifier . Gain adjustment (paragraph 5-43) 
X1 Sweep adjustment (paragraph 5-49) 
Neutralization adjustment (paragraph 5-44) 
Amplifier . Gain adjustment (paragraph 5-43) 
X1 Sweep adjustment (paragraph 5-49) 
Neutralization adjustment (paragraph 5-44) 
Sweep Generator 
Trigger generator Trigger sensitivity adjustment (paragraph 5-47) 
Start-stop trigger Preset adjustment (paragraph 5-46) 


Clamp and hold-off None 
cathode follower 


Gate-out cathode None 
follower 


Sawtooth integrator Sweep time adjustment (paragraph 5-50) 
and cathode follower 


Preset adjustment (paragraph 5-46) 
Sweep length adjustment (paragraph 5-51) 
None 


None f 


Switch diode None 
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Table 5-3. Adjustments Following Tube, Transistor, and Diode Replacement (Cont'd) 
Reference 


Function Adjustment and Paragraph 
Designation 


High-Voltage Power Supply 


Amplifier 


Oscillator 
Adjust horizontal gain (paragraph 5-43) 


Rectifier 
Adjust vertical gain (paragraph 5-37) 


Rectifier 
Adjust sweep times (paragraph 5-48) 


CRT 


Low-Voltage Power Supply 


V307 Regulator None 


V308 Amplifier-output None 


cathode follower 


V309 Regulator None 


V310 Amplifier Adjust -150 volts (paragraph 5-29) 


V311 Reference tube Adjust -150 volts (paragraph 5-29) 


Q301 Heater regulator None 


CR301-CR304 Rectifiers None 


CR305 Reference diode None 


Table 5-4. Low-Voltage Power Supply Voltages 


Voltage ** Tolerance* Typical ** Typical ** 
Ripple Resistance 


-150 volts de VTVM Accuracy (+3%) 10K 


+ 19 volts de -1.5 volts; +1 volt 4K (with V101 removed) 


+300 volts de +9 volts 75K 
+100 volts de +3 volts 50K 


+ 99 volts de +3 volts 


*Line voltage 115 or 230 volts ac, as required. 
**With respect to chassis ground. 


c. Switch HORIZONTAL DISPLAY to 1 VOLTS/CM 5-35. VERTICAL AMPLIFIER. 
and center the spot. 

d. Set INTENSITY control to 9 o'clock and adjust 5-36. BALANCE ADJUSTMENT. Adjust the vertical 
R320 (figure 5-1) to the point where the spot just amplifier balance as described in figure 3-5. 
extinguishes. - 

e. Increase INTENSITY control and adjust FOCUS 
control for best spot. 5-37. GAIN ADJUSTMENT. Adjust the vertical am- 

f. Adjust Astigmatism control R316 (figure 5-1) plifier gain as follows: 
for small round spot readjusting FOCUS control as a. Set VERTICAL SENSITIVITY to 10 MILLI- 
required. VOLTS/CM. 
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b. Set vertical VERNIER to CAL. 

c. Using voltmeter calibrator, apply a 400-cps 
0.1-volt peak-to-peak signal to the vertical input 
terminals. 

d. Adjust CAL screwdriver adjustment for a crt 
deflection of 10 cm. 


5-38. ATTENUATOR - FREQUENCY - COMPENSA- 
“TION AND FIRST-STAGE-NEUTRALIZATION AD- 
JUSTMENTS. Adjust the vertical amplifier attenu- 
ator-frequency compensation and first-stage neutral- 
ization as follows: 
a. Connect square-wave generator to the vertical 
input terminals. 
b. Rotate vertical VERNIER fully counterclockwise. 
c. Set VERTICAL SENSITIVITY to 100 MILLI- 
VOLTS/CM. 
d. Set vertical AC-DC to AC. 
e. Set HORIZONTAL DISPLAY to 0.5 MSEC/CM. 
f. Adjust output of generator to 1 kc and set am- 
plitude for 10 cm of deflection on crt. 
g. Adjust capacitor C6 (figure 5-3) for best square- 
wave pattern on crt. 
h. Rotate vertical VERNIER to CAL. 
i. Readjust square-wave generator for 10 cm of 
deflection on crt. 
j. Adjust C9 (figure 5-4) for best square-wave pat- 
tern on crt. 
k. Repeat adjustment of C6 and C9 until best square- 
wave pattern is obtained at the extreme vernier settings. 
Note 
There may be a capacitor in par- 
allel with C9 which serves to op- 
timize the adjustment range of C9. 
When changing V1 it may be neces- 
sary to alter the value of the ca- 
pacitor, or add it if not present. 


l. Set VERTICAL SENSITIVITY to 1 VOLTS/CM. 
m. Readjust square-wave generator for 10 cm of 
deflection on crt. 

n. Adjust capacitor C4 (figure 5-3) for best square- 
wave pattern on crt. 

o. Set VERTICAL SENSITIVITY to 10 VOLTS/CM. 

p. Readjust square-wave generator for 10 cm of 
deflection on crt. 

q. Adjust capacitor C2 (figure 5-3) for best square- 
wave pattern on crt. 


0-39. THIRD-STAGE VERTICAL-NEUTRALIZATION 
ADJUSTMENT. Adjust the third-stage vertical neu- 
tralizers as follows: 

a. Rotate vertical VERNIER fully counterclock- 
wise. 

b. Set VERTICAL SENSITIVITY to 10 MILLI- 
VOLTS/CM. 

c. Set vertical AC-DC to AC. 

d. Set HORIZONTAL DISPLAY to 5 uSEC/CM. 

e. Set TRIGGER SOURCE to INT+. 

f. Turn TRIGGER LEVEL to AUTO. 

g. Using square-wave generator, apply a 100-kc 
Square wave to vertical input terminals. 

h. Adjust generator output to give 10-cm deflec- 
tion, and center the pattern vertically. 

i. Using test oscilloscope, monitor the cathode of 
V3. 
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_j. Adjust C12 and C13 (figure 5-1) simultaneously, — a 
for the best square wave on both test oscilloscope and — 
scope under test. 


Notes 


Ignore the very fast overshoot at the 
leading edge as viewed on monitor 
scope. 


There may be acapacitor in parallel 
with C13 which serves to optimize 
the adjustment range of C13. When 
changing V2 or V3 it may be neces- 
sary toalter the value of the capaci- 
tor, or add it if not present. 


5-40. SECOND-STAGE VERTICAL NEUTRALIZA- 
TION ADJUSTMENT. Adjust the second-stage verti- 
cal neutralizers as follows: 

a. Rotate vertical VERNIER to CAL. 

b. Repeat steps b through h of paragraph 5-39. 

c. Adjust C10 and Cll (figure 5-1) simultaneously 
for best square wave on scope. 


Note 


There may be acapacitor in parallel 
with C10 which serves to optimize 
the adjustment range of C10. When 
changing V1 or V2 it may be neces- 
sary toalter the value of the capaci- 
tor, or to add it if not present. 


5-41. CALIBRATOR ADJUSTMENT. Adjust the out- 
put of the calibrator as follows: 

a. Adjust vertical gain as described in paragraph 
= 3g 

b. Set VERTICAL SENSITIVITY to CAL. 

ec. Turn vertical VERNIER to CAL. 

d. Set HORIZONTAL DISPLAY to 1 MILLISEC- 
ONDS/CM. 

e. Set TRIGGER SOURCE to INT-. 

f. Turn TRIGGER LEVEL to AUTO. 

g. Adjust potentiometer R51 (figure 5-1) for a crt 
deflection of 6 cm. 


5-42. HORIZONTAL AMPLIFIER. 


5-43. GAIN ADJUSTMENT. Adjust horizontal gain 
as follows: 

a. Set HORIZONTAL DISPLAY to .1 VOLTS/CM. 
b. Turn horizontal VERNIER to CAL. 

c. Using voltmeter calibrator, apply a 400-cps 
1-volt peak-to-peak signal to the horizontal input 
terminals. 

d. Adjust horizontal gain potentiometer R104 (fig- 
ure 5-1) for a peak-to-peak crt deflection of 10 cm. 


0-44. HORIZONTAL NEUTRALIZER ADJUSTMENT. 
Adjust horizontal neutralization as follows: 

Set VERTICAL SENSITIVITY to 1 VOLTS/CM. 
Turn vertical VERNIER to CAL. 

Set HORIZONTAL DISPLAY to .1 VOLTS/CM. 
Turn horizontal VERNIER to CAL. 


OPAC, ~ 
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e. Using oscillator, apply an 8-kc sine wave to 
vertical input terminals and the sync input of square- 
wave generator. 

_ f. Using square-wave generator, apply a 100-kc 
1-volt peak-to-peak square wave to horizontal input 
terminals. 

g. Adjust oscillator frequency to synchronize sine 
wave andsquare wave on crt (stabilize presentation). 

h. Adjust C103 and C104 (figure 5-1) for best 
square-wave response. 


5-45. ATTENUATOR FREQUENCY-COM PENSATION 
ADJUSTMENT. Adjustthe horizontal attenuator fre- 
quency compensation as follows: 

a. Set VERTICAL SENSITIVITY to 1 VOLTS/CM. 

b. Turn vertical VERNIER to CAL. 

c. Turn horizontal VERNIER to CAL. 

d. Set HORIZONTAL DISPLAY to 1 VOLTS/CM. 

e. Using square-wave generator, apply a 1-kc 
10-volt peak-to-peak square wave to the horizontal 
input terminals. 

f. Using oscillator, apply an 800-cps_ 10-volt 
peak-to-peak signal to the vertical input and sync in- 
put of square-wave generator. 

g. Adjust oscillator to synchronize sine wave and 
square wave on crt (stabilize presentation). 

h. Adjust capacitor C235 (figure 5-1) for optimum 
square wave on crt. 

i. Set HORIZONTAL DISPLAY to 10 VOLTS/CM. 

j. Increase square-wave génerator output to 50 
volts peak-to-peak. 

k. Adjust capacitor C233 (figure 5-1) for optimum 
square-wave on crt. 


5-46. PRESET ADJUSTMENT. 
follows: 

a. Set VERTICAL SENSITIVITY to CAL. 

b. Set HORIZONTAL DISPLAY to .5 MILLISEC- 
ONDS/CM. 

c. Set TRIGGER SOURCE to INT+. 

d. Turn TRIGGER LEVEL just out of AUTO. 

e. Connect de voltmeter (-100-volt range) between 
pin 2 of V202 and ground. 

f. Adjust potentiometer R258 (figure 5-1) clockwise 
until crt sweep free-runs, then counterclockwise until 
the sweep just stops; note the readings on the voltmeter. 

g. Adjust voltage to 3 volts less negative than the 
last reading. 


Adjust preset as 


5-47. TRIGGER-SENSITIVITY ADJUSTMENT.  Ad- 
just the trigger sensitivity as follows: 

a. Set VERTICALSENSITIVITY to 100 MILLIVOLTS/ 
CM. 

b. SetHORIZONTALDISPLAY to 5 MILLISECONDS/ 
CM, 

c. Turn both VERNIER controls to CAL. 

d. Set TRIGGER SOURCE to EXT. 

e. Turn TRIGGER LEVEL to AUTO. 

f. Set SWEEP MAGNIFIER to X5. 

g. Set vertical and horizontal AC-DC switches to AC. 

h. Connect oscillator to both the VERTICAL and 
HORIZONTAL inputs and set the frequency to 450 kc 
and amplitude to 0.16 volts rms (using hp Model 
400D/H/L AC VTVM). 

i. Adjust R203 (trigger sensitivity) fully counter- 
clockwise. 
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j. Observing crt presentation, adjust R203 clock- 
wise until the presentation becomes stable. 

k. Adjust oscillator output amplitude down to 0.1 v 
rms, presentation should become slightly unstable 
between 0.15 and 0.10 v rms. 

1. Setoscillator output amplitude to 0.5 v rms, and 
adjustfrequency from 50 cps to 450 kc. Presentation 
should remain stable across complete frequency range. 


5-48. SWEEP GENERATOR. 


5-49. X1 SWEEP ADJUSTMENT. 
sweep as follows: 

a. Set VERTICAL SENSITIVITY to 1 VOLTS/CM. 

b. Turn vertical VERNIER to CAL. 

c. Turn horizontal VERNIER to CAL. 

d. Set HORIZONTAL DISPLAY to 5 MILLISECONDS/ 
CM. 

e. Set SWEEP MAGNIFIER to X1. 

f. Set TRIGGER SOURCE to INT-. 

g. Turn TRIGGER LEVEL to AUTO. 

h. Using time mark generator, apply 100-cps 
time markers to the vertical input terminals. 

i. Adjust X1 sweep gain R267 (figure 5-1) to obtain 
5 cycles per 10 cm on the crt. 


5-50. SWEEP-TIME ADJUSTMENT. Adjust the hor- 
izontal sweep time as follows: 

. Set VERTICAL SENSITIVITY to 1 VOLTS/CM. 
. Turn vertical VERNIER to CAL. 

. Turn horizontal VERNIER to CAL. 

. Set TRIGGER SOURCE to INT-. 

. Set SWEEP MAGNIFIER to X1. 

Connect time mark generator to the vertical input 
terminals. 

g. Referring to table 5-5, adjust the time mark 
generator output and the HORIZONTAL DISPLAY 
switch to the indicated marker interval and sweep time, 
respectively, for each step; adjust or check for the 
indicated markers per 10 cm listed in the table. 


5-51. SWEEP LENGTH ADJUSTMENT. Adjust the 
sweep length as follows: 

a. Set VERTICAL SENSITIVITY to 100 MILLIVOLTS/ 
CM. 

b. Turn vertical VERNIER to CAL. 

c. Set vertical AC-DC to AC. 

d. Set HORIZONTAL DISPLAY to .5 MILLISEC- 
ONDS/CM. 

e. Turn horizontal VERNIER to CAL. 

f. Set SWEEP MAGNIFIER to X1. 

ge, Set TRIGGER SOURCE to INT-. 

h. Turn TRIGGER LEVEL to AUTO. 

i. Adjust potentiometer R254 (figure 5-1)fora sweep 
length of 10. 75 cm (minimum length on any range should 
be 10.5 cm). 


5-52. PERFORMANCE CHECK. 


Adjust the Xl 


mo ao op 


5-53. The following paragraphs, 5-54 through 5-66, 
list the various performance checks to determine that 
the Model 120B is performing properly. 


5-54. VERTICAL ATTENUATOR-ERROR CHECK. 
Check the vertical attenuator error as follows: 

a. Set vertical AC-DC to DC. 

b. Set VERTICALSENSITIVITY to 10 MILLIVOLTS/ 
CM. 

c. Turn vertical VERNIER to CAL. 
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10 psec 


10 psec 


10 psec 


100 psec 


100 psec 


100 psec 


1 ms 


Table 5-5. Horizontal Syecnurime Adjustment 


uSEC/CM 
uSEC/CM 
USEC/CM 
uSEC/CM 
uSEC/CM 
USEC/CM 
.5 MILLISECONDS/CM 
MILLISECONDS/CM 
MILLISECONDS/CM 
MILLISECONDS/CM 
MILLISECONDS/CM 
MILLISECONDS/CM 
MILLISECONDS/CM 
MILLISECONDS/CM 


MILLISECONDS/CM 


* Do not adjust if indication is within +0.5 cm of that listed in the "markers per 10 cm" column. 


d. Using voltmeter calibrator, apply a 400-cps 
0.1-volt peak-to-peak signal to the vertical input 
terminals. 

e. Adjust CAL for a crt deflection of exactly 10cm. 

f. Set VERTICAL SENSITIVITY to 100 MILLI- 
VOLTS/CM. 

ge. Adjust voltmeter calibrator output to 1 volt 
peak-to-peak. 

h. Vertical deflection should be 10 +0.3 cm. Re- 
peat step for 1 and 10 volts/cm positions of VERTI- 
CAL SENSITIVITY switch, adjusting voltmeter cali- 
brator output to 10 and 100 volts peak-to-peak, re- 
spectively; vertical deflection should be 10+0.3 cm 
in both cases. 


5-55. VERTICAL DC SHIFT CHECK. Check the dc 
shift as follows: 

a. Set VERTICAL SENSITIVITY to 10 MILLI- 
VOLTS/CM. 

b. Set vertical AC-DC to AC. 

c. Turn vertical VERNIER to CAL. 

d. Short vertical input terminals to ground. 

e. Switch HORIZONTAL DISPLAY to10 VOLTS/CM, 
and observe the spot. 

f. Switch vertical AC-DC switch to DC, and observe 
the spot. 
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g. Vertical shift should be approximately 0.2 cm 
or less. 


0-56. VERTICAL FREQUENCY-RESPONSE CHECK. 
Check vertical frequency response as follows: 

a. Set VERTICAL SENSITIVITY to 10 MILLI- 
VOLTS/CM. 

b. Turn vertical VERNIER to CAL. 

c. Set vertical AC-DC to AC. 

d. Set TRIGGER SOURCE to INT+. 

e. Turn TRIGGER LEVEL to AUTO. 

f. Set HORIZONTAL DISPLAY to 1 MILLISEC- 
ONDS/CM. 

g. Usingoscillator, apply a4. 5-kc signal to the input 
of attenuator; adjust for 10-db of attenuation. 

h. Connect the output of attenuator to the vertical 
input terminals. 

i. Set oscillator output to provide 10 cm of verti- 
cal deflection. 

j. Monitor output with ac voltmeter and note voltage 
reading. 

k. Maintaining voltage reading in step j, change 
oscillator frequency to 450 kc. 

1. Display amplitude should be at least 7 cm peak- 
to-peak. 
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5-57. HORIZONTAL DC SHIFT CHECK, Check dc 
shift as follows: 
a. Set HORIZONTAL SENSITIVITY to .1 VOLTS/ 


CM. 


b. Turn horizontal VERNIER to CAL. 

c. Short horizontal input terminals. 

d. Center spot and alternately switch horizontal 
AC-DC to AC and DC positions. 

e. Spot should shift less than 0.2 cm. 


5-58. HORIZONTAL ATTENUATOR-ERROR CHECK. 
Check attenuator error as follows: 

a. Set HORIZONTAL DISPLAY to .1 VOLTS/CM. 

b. Turn horizontal VERNIER to CAL. 

c. Using voltmeter calibrator, apply a 400-cps 
1-volt peak-to-peak sine wave to the horizontal input 
terminals. 

d. Adjust horizontal gain potentiometer R104 (fig- 
ure 5-1) to give 10-cm deflection. 

e. Change HORIZONTAL DISPLAY to 1 VOLTS/ 
CM and voltmeter calibrator output to 10 volts peak- 
to-peak. 

f. Horizontal deflection should be 10 +0.5 cm. 

g. Change HORIZONTALSENSITIVITY to 10 VOLTS/ 
CM and voltmeter calibrator output to 100 volts peak- 
to-peak. 

h. Horizontal deflection should be 10 +0.5 cm. 


5-59. HORIZONTAL PHASE-SHIFT CHECK. Check 
phase shift as follows: 

a. Set VERTICAL SENSITIVITY to 100 MILLI- 
VOLTS/CM. 

b. Turn vertical VERNIER to CAL. 

c. Set HORIZONTAL DISPLAY to .1 VOLTS/CM. 

d. Turn horizontal VERNIER to CAL. 

e. Set vertical and horizontal AC-DC to AC. 

f. Using oscillator, apply a 100-kc 0.5-volt 
peak-to-peak sine wave to both vertical and horizontal 
input terminals. 

g. Pattern opening on crt should be less than 0.2 
cm (+2 degrees). 

h. Change VERTICAL SENSITIVITY to 1 VOLTS/ 
CM, HORIZONTAL DISPLAY to 1 VOLTS/CM, and 
voltmeter calibrator output to 5 volts peak-to-peak. 

i. Indication should be same as step g. 

j. Change VERTICAL SENSITIVITY to 10 VOLTS/ 
CM, HORIZONTAL DISPLAY to 10 VOLTS/CM, and 
voltmeter calibrator output to 50 volts peak-to-peak. 

k. Indication should be same as Step g. 


5-60. HORIZONTAL RESPONSE CHECK. Check fre- 
quency response as follows: 

a. Set HORIZONTAL DISPLAY to 1 VOLTS/CM. 

b. Turn horizontal VERNIER to CAL. 

c. Using oscillator, apply a 4.5-kc signal to 
the horizontal input terminals. 

d. Set oscillator output to provide a 10-cm trace. 

e. Monitor output with ac voltmeter and note voltage 
reading. 

f. Maintaining voltage reading in step e, change 
oscillator frequency to 300 kc. 

g. Trace length should be greater than 7 cm (3-db 
point). 


5-61. EXTERNAL TRIGGER-SENSITIVITY CHECK. 
Check external trigger sensitivity as follows: 
a. Set VERTICAL SENSITIVITY to 1 VOLTS/CM. 
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Set vertical AC-DC to AC. 

Turn vertical VERNIER to CAL. 

Set HORIZONTAL DISPLAY to 5 pSEC/CM. 

Set TRIGGER SOURCE to EXT. 

Set TRIGGER LEVEL to AUTO. 

. Using oscillator, apply a sine wave to both 
the vertical and horizontal input terminals. 

h. Vary oscillator frequency from 50 cps to 450 
kc, maintaining a 0.53-volt input (1.5 volts peak-to- 
peak). 

i. Presentation should be stable over frequency 
range in step h. 


5-62. SYNC- POLARITY AND TRIGGER- LEVEL- 
RANGE CHECK. Check sync polarity and trigger- 
level range as follows: 

a. Set VERTICAL SENSITIVITY to 10 VOLTS/CM. 

b. Turn vertical VERNIER to CAL. 

c. Set TRIGGER SOURCE to EXT. 

d. Apply a 7.0-volt r-m-s 400-cps signal to ver- 
tical and external sync inputs. 

e. Center pattern on crt. 

f{. Rotate TRIGGER LEVEL; triggering should be 
possible at any point along the negative slope of the 
input signal. 


5-63. SWEEP-TIME CHECK. Check the sweep times 
as follows: 

Set VERTICAL SENSITIVITY to 1 VOLT/CM. 
Turn vertical VERNIER to CAL. 

Set horizontal VERNIER to CAL. 

Set SWEEP MAGNIFIER to X1. 

Set TRIGGER SOURCE to INT-. 

Adjust TRIGGER LEVEL for best synchroniza- 


Go 


mo nore 


tion. 

g. Connect time mark generator to vertical input 
terminals. 

h. Referring to table 5-6, adjust the time mark 
generator output and the HORIZONTAL DISPLAY 
switch to the indicated markers and setting, respec- 
tively, for each step; check for the indicated markers 
per 10 cm listed in the table. 


5-64. CALIBRATOR AMPLITUDE CHECK. Check 
the amplitude of the calibrator as follows: 

a. Set VERTICAL SENSITIVITY to CAL. 

b. Turn vertical VERNIER to CAL. 

c. Set HORIZONTAL DISPLAY to 1 MILLISEC- 
OND/CM. 

d. Set TRIGGER SOURCE to INT-. 

e. Turn TRIGGER LEVEL to AUTO. 

f. Calibrator amplitude should be 6 +0.12 cm. 


5-65. INTENSITY MODULATION CHECK. Check 
intensity modulation as follows: 

a. Set VERTICAL SENSITIVITY to 10 VOLTS/CM. 

b. Turn vertical VERNIER to CAL. 

c. Set HORIZONTAL DISPLAY to 50 uSECONDS/ 
CM. 

d. Using square-wave generator, apply a 50-kce 
20-volt peak-to-peak square wave to the vertical in- 
put terminals. 

e. Remove shorting bar from Z axis terminal and 
connect clip lead from vertical input to Z axis ter- 
minal. 

f. With normal intensity, the top edge of square 
wave should be extinguished when 20-volt peak-to- 
peak square wave is applied at the Z axis terminal. 
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Table 5-6. Horizontal Sweep Time 


Marker 
Interval 
10 psec 
10 psec 
10 psec 
100 psec 
100 psec 
100 psec 
1 ms 


1 ms 


1 
2 
3 
4 
B) 
6 
i 
8 
3) 


1 ms 


_—_ 
oO 


10 ms 


_ 
_ 


10 ms 


-— 
bo 


10 ms 
100 ms 
100 ms 
100 ms 


pe = 
oT oh 7 65 


*+0.5 cm 


5-66. LINE-VOLTAGE VARIATION CHECK. 
line- voltage variation as follows: 

a. Connect power cable to power autotransformer 
and adjust output to 115 volts ac. 

b. Set VERTICAL SENSITIVITY to CAL. 

c. Set HORIZONTALDISPLAY to 2 MILLISECONDS/ 
CM. 

d. Set TRIGGER LEVEL to AUTO. 

e. Adjust horizontal VERNIER to obtain exactly 5 
cycles of calibrator signal per 10 cm; note exact am- 
plitude of each calibrator signal. 

f. Set line voltage to 103 volts ac, then to 127 volts 
AG. (Allow periods of at least 2 minutes for each 
voltage.) Calibrator signal amplitude should be 6 
t0.3 cm; the five cycles of the signal should change 
less than 0.5 cm in length. 


Check 


5-67. DIAGRAMS. 


5-68. Figures 5-6 through 5-11 are schematic dia- 
grams of the Model 120B. DC voltages are provided 
on the schematics as an aid in troubleshooting. 


5-69. The following notations are applicable to fig- 
ures 5-6 through 5-11. 

a. All values are in ohms, picofarads, and micro- 
henries unless otherwise indicated. 

b. Lettering enclosed inheavy boxes indicates front- 
panel engraving. 

c. Voltage measurements are with respect to ground 
and made with Hewlett-Packard Model 412A VTVM. 
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per 10 cm* 
uSEC/CM . 
uSEC/CM 
USEC/CM 
uSEC/CM 
uSEC/CM 
uSEC/CM 
.5 MILLISECONDS/CM 
MILLISECONDS/CM 
MILLISECONDS/CM 
MILLISECONDS/CM 
MILLISECONDS/CM 
MILLISECONDS/CM 
MILLISECONDS/CM 
MILLISECONDS/CM 
MILLISECONDS/CM 


d. Voltage measurements are made with Model 120B 
front-panel controls set as follows: 


Control Setting 
VERTICAL SENSITIVITY switch CAL 
VERTICAL VERNIER control CAL 
Vertical AC-DC switch AC 
FOCUS control Centered 
VERTICAL POSITION control Centered 
INTENSITY control Centered 
HORIZONTAL POSITION control Centered 
HORIZONTAL DISPLAY switch 5 uSEC/CM 
HORIZONTAL VERNIER control CAL 
TRIGGER SOURCE switch INT- 
TRIGGER LEVEL control AUTO 
Horizontal AC-DC switch AC 
SWEEP MAGNIFIER switch X1 
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Figure 5-6. Vertical Amplifier 
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Table 5-6. Horizontal Sweep Time 


Marker 
Interval 
10 psec 
10 psec 
10 psec 
100 psec 
100 psec 
100 psec 
1 ms 


1 ms 


1 
2 
3 
4 
) 
6 
7 
8 
9 


1 ms 


_ 
oO 


10 ms 


— 
— 


10 ms 


— 
bo 


10 ms 
100 ms 
100 ms 
100 ms 


=e = 
oi “4S co 


*+0.5 cm 


0-66. LINE-VOLTAGE VARIATION CHECK. 
line-voltage variation as follows: 

a. Connect power cable to power autotransformer 
and adjust output to 115 volts ac. 

b. Set VERTICAL SENSITIVITY to CAL. 

c. Set HORIZONTALDISPLAY to 2 MILLISECONDS/ 
CM. 

d. Set TRIGGER LEVEL to AUTO. 

e. Adjust horizontal VERNIER to obtain exactly 5 
cycles of calibrator signal per 10 cm; note exact am- 
plitude of each calibrator signal. 

f. Set line voltage to 103 volts ac, then to 127 volts 
any (Allow periods of at least 2 minutes for each 
voltage.) Calibrator signal amplitude should be 6 
t0.3 cm; the five cycles of the signal should change 
less than 0.5 cm in length. 


Check 


5-67. DIAGRAMS. 


5-68. Figures 5-6 through 5-11 are schematic dia- 
grams of the Model 120B. DC voltages are provided 
on the schematics as an aid in troubleshooting. 


5-69. The following notations are applicable to fig- 
ures 5-6 through 5-11. 

a. All values are in ohms, picofarads, and micro- 
henries unless otherwise indicated. 

b. Lettering enclosed inheavy boxes indicates front- 
panel engraving. 

c. Voltage measurements are with respect to ground 
and made with Hewlett-Packard Model 412A VTVM. 
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Sweep Time 


uSEC/CM 

uSEC/CM 

uSEC/CM 

uSEC/CM 

uSEC/CM | 
uSEC/CM 
MILLISECONDS/CM 
MILLISECONDS/CM 
MILLISECONDS/CM 
MILLISECONDS/CM 
MILLISECONDS/CM 
MILLISECONDS/CM 
MILLISECONDS/CM 
MILLISECONDS/CM 
MILLISECONDS/CM 


d. Voltage measurements are made with Model 120B 


front-panel controls set as follows: 


Control 
VERTICAL SENSITIVITY switch 
VERTICAL VERNIER control 
Vertical AC-DC switch 
FOCUS control 
VERTICAL POSITION control 
INTENSITY control 
HORIZONTAL POSITION control 
HORIZONTAL DISPLAY switch 
HORIZONTAL VERNIER control 
TRIGGER SOURCE switch 
TRIGGER LEVEL control 
Horizontal AC-DC switch 


SWEEP MAGNIFIER switch 


Model 120B 


Markers 
per 10 cm* 


Setting 


CAL 
CAL 

AC 
Centered 
Centered 
Centered 


Centered 


5 uSEC/CM 


CAL 


INT- 


AUTO 


AC 


Xl 
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Figure 5-8. Sweep Generator 
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Figure 5-9. Low-Voltage Power Supply 
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| Figure 5-10. High-Voltage Power Supply 
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SECTION VI 
REPLACEABLE PARTS 


6-1. INTRODUCTION. 


6-2. This section contains information for ordering 
replaceable parts for the Model 120B. Table 6-1 lists 
reference designators andabbreviations that are used 
in the Table 6-2 component descriptions. Table 6-2 
lists the parts in alpha-numerical order of their ref- 
erence designations and provides the following infor- 
mation for each item: 


a. The hp part number. 

b. Total quantity (TQ) used in the instrument; given 
only first time the part number is listed. 

c. Description of part (refer to Table 6-1). 


d. Typical manufacturer of the part in a five-digit 
code, exceptfor Hewlett-Packard Company; see code 
list of manufacturers, Table 6-3, for name. 


e. Manufacturer's part number. 


6-3. Parts not identified by a reference designation 
are listed at the end of Table 6-2, under miscellaneous. 
Cabinet parts andthe rack mounting kitfor the instru- 
ment are illustrated and listed in Figure 6-1. 


Table 6-1. 


6-4. ORDERING INFORMATION. 


6-5. To order replacement parts from the Hewlett- 
Packard Company, address the order or inquiry to 
the nearest hp Sales/Service Office (see list of 
address at rear of this manual) and supply the fol- 
lowing information: 


a. The hp part number of item(s). 


b. Model number and eight-digit serial number of 
the instrument. 


6-6. To orderapartnotlistedin Table 6-2, provide 
the following information. 


a. Model number and eight digit serial number of 
the instrument. 


b. Description of part including funtion and 


location. 


6-7. To orderapart froma manufacturer other than 
the Hewlett-Packard Company, provide the complete 
part description and the manufacturer's part number 
from Table 6-2. 


List of Reference Designators and Abbreviations 


REFERENCE DESIGNATORS 


assembly 


misc electronic part MP 


mechanical part terminal board 


Ho OW ant 


now ow 


Hh Sa ee 


nouow 


nouow u 


01194-10 
01260-3 


fuse 
filter 
jack 
relay 
inductor 
meter 


motor 

capacitor 

coupling 

diode 

delay line 

device signaling (lamp) 


ABBREVIATIONS 


germanium 
glass 
ground(ed) 


amperes 
automatic frequency control 
amplifier 


how ou 


henries 

hexagonal 
mercury 

hour(s) 
Hewlett-Packard 
intermediate freq 
impregnated 
incandescent 
include(s) 
insulation(ed) 
internal 


beat frequency oscillator 
beryllium copper 

binder head 

bandpass 

brass 

backward wave oscillator 


counter-clockwise 
ceramic 

cabinet mount only 
coefficient 
common 
composition 
connector 
cadmium plate 
cathode-ray tube 
clockwise 


kilo = 1000 


linear taper 

lock washer 
logarithmic taper 
low pass filter 
deposited carbon 
drive milli = 10-3 
meg = 106 
metal film 
manufacturer 
miniature 
momentary 
mounting 
"mylar'’ 


electrolytic 
encapsulated 
external 


farads 

flat head 
fillister head 
fixed 


Rie 2 in Si " 
" 


nano (1079) 


nou uw wow wow 


Rts at 


WR Cr ee i oo eae ee 


plug 
transistor 
resistor 
thermistor 
switch 
transformer 


normally closed 
neon 

nickel plate 
normally open 
negative positive zero 
(zero temperature 
coefficient) 

not recommended for 
field replacement 
not separately 
replaceable 


order by description 
oval head 
oxide 


peak 

printed circuit 
picofarads = 
10-12 farads 
phosphor bronze 
Phillips 

peak inverse voltage 
part of 
polystyrene 
porcelain 
position(s) 
potentiometer 
peak-to-peak 
point 

rectifier 

radio frequency 
round head 


nououw 


nouwou 


now on 


a A rea ait 


Be Ue ee UN 


noun dw 


test point 

vacuum tube, neon 
bulb, photocell, etc. 
cable 

socket 

crystal 


rack mount only 
root-mean-square 


slow-blow 
screw 
selenium 
section(s) 

= semiconductor 
silicon 

silver 

slide 

special 
stainless steel 
split ring 
steel 


tantalum 

time delay 

toggle 

titanium 

tolerance 

trimmer 

traveling wave tube 


micro = 10-6 


variable 
de working volts 


with 

watts 
wirewound 
without 


Section VI 4 Model 120B 
Figure 6-1 


120B-2D Panel: front 


120B-2C Panel: rear 

5000-0743 Cover: side 

9060-0734 Casting: frame side 
120B-44A-1 Cover: top 

5060-0758 Cover: bottom 

5060-0767 Foot: plastic 

1490-0030 Stand: tilt 

9060-0763 Handle: side 

5060-0765 Retainer: handle 
59000-0052 Plate: trim adhesive back 


5060-0776 Kit: rack mount 


Figure 6-1. Modular Cabinet Replaceable Parts 
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Model 120B Section VI 


120B-65F 
120B-19A 
120B-12E 


120B-6C 
120B-12E 


120B-19D 
120B-65G 


120B-19B 


120B-65E 
120B-11B 


0170-0022 
0130-0014 
0170-0027 
0130-0014 
0160-2566 


0130-0014 
0140-0147 
0150-0012 
0132-0004 
0132-0004 


0132-0004 
0132-0004 
0132-0004 
0150-0014 
0150-0012 


0170-0003 
0150-0011 
0150-0041 
0150-0012 


0150-0031 


0170-0022 
0150-0012 
0132-0004 
0132-0002 


0150-0011 
0150-0024 
0140-0201 
0150-0011 
0180-0050 


re 


9 0000 C2002 200 eo ao 


Table 6-2. Replaceable Parts 


Ref Description 


: pe vert and horiz amplifiers 


Switch vertical 
ac-de switch (incl bracket and S1) 


vert shield (incl bracket and $102) 


ac-de switch (incl bracket and $101) 


switch trigger source 


: pe sweep and lv supply 


switch horiz 


pe hv supply 


rectifier (incl T301, C309, V303, V304) 


fxd my 0.1 uf 20% 600vdew 
var cer 5-25 pf 500vdcew 

fxd my 0.02 uf 5% 200vdew 
var cer 5-25 pf 500vdcw 

fxd mica 2000 pf 2% 300vdew 


var cer 5-25 pf 500vdcw 

fxd mica 180 pf 5% 500vdew 
fxd cer . 01 uf 20% 1000vdew 
var poly 0. 7-3 pf 350vdcew 
var poly 0. 7-3 of 350vdcew 


var poly 0.7-3 pf 350vdcw 
var poly 0. 7-3 pf 350vdcw 
var poly 0. 7-3 pf 350vdcw 
fxd cer 0.005uf 500vdcew 
fxd cer . 01 uf 20% 1000vdew 


fxd my 0.051 uf 10% 200vdew 
fxd ti-ox 1.5 pf 20% 500vdew 
fxd ti-ox 2.7 pf 5% 500vdew 

fxd cer .01 uf 20% 1000vdew 


fxd ti-ox 2 pf 5% 500vdcw 


: fxd my 0.1 uf 20% 600vdcew 
: fxd cer .01 uf 20% 1000vdew 
var poly 0. 7-3 pf 350vdcew 
var poly 0. 7-3 pf 350vdcew 


fxd ti-ox 1.5 pf 20% 500vdew 


: fxd cer 0.02 uf -20%+80% 600vdcw 
: fxd mica 12 pf 5% 500vdew 


fxd ti-ox 1.5 pf 20% 500vdcew 
fxd elect 40 uf -15%+100% 500vdcew 


Table 6-2 


HEW 7 
977-030-COP-39R 
600UE20352 
977-030-COP-39R 


977-030-COP-39R 
DM15F181J 

13C DISC 
535-009-4R 
535-009-4R 


535-009-4R 
5935-009-4R 
535-009-4R 
D1-4 

13C DISC 


33M02151 
TYPE GA OBD 
TYPE GA OBD 
13C DISC 


TYPE GA OBD 


HEW 7 

13C DISC 
535-009-4R 
535-015-4R 


TYPE GA OBD 
BO. 02 GMV 
DM15C120J 
TYPE GA OBD 
D 32538 


6-3 


Section VI 
Table 6-2 


C325A/B 


C326 
C327 
C328 
C329 


6-4 


0180-0050 
0140-0039 
0140-0082 
0140-0156 


0150-0023 
0140-0041 
0150-0024 
0150-0012 
0140-0041 
0150-0012 


0170-0028 
0170-0027 
0131-0003 
0170-0026 
0131-0004 


0140-0041 
0130-0003 
0160-0380 
0170-0027 
0160-0007 


0140-0031 
0140-0055 
0130-0016 
0140-0156 
0130-0016 


0140-0027 
0140-0035 


0150-0023 
0140-0037 
0140-0004 
0150-0012 
0160-0151 


0150-0012 
0160-0151 
0160-0151 
0160-0039 
0160-0151 


0150-0023 
0160-0151 
0160-0151 
0160-0151 


0180-0126 
0180-0030 
0150-0024 
0180-0053 
0180-0127 


0150-0024 
0150-0012 
0180-0056 
0150-0024 


QO OC OOOe Ca 


We OO. BO Oe 2 


O09 99099 9°2°° 2. 


9000 O9900 7.2002 


Table 6-2. Replaceable Parts (Cont'd) 


fxd elect 40 uf -15%+100% 500vdcew 
fxd mica 47 pf 5% 500vdcew 

fxd mica 68 pf 5% 500vdcw 

fxd mica 1500 pf 2% 300vdcw 


fxd cer 2000 pf 20% 1000vdcew 
fxd mica 100 pf 5% 500vdcew 

fxd cer . 02 uf -20%+80% 600vdew 
fxd cer . Ol uf 20% 1000vdew 

fxd mica 100 pf 5% 500vdew 

fxd cer . Ol uf 20% 1000vdcew 


fxd my 0.2uf 50% 200vdcw 
fxd my 0.02 uf 5% 200vdew 
var mica 170-780 pf 175vdcew 
fxd my 1800 pf 5% 200vdew 
var mica 14-150 pf 175vdcew 


fxd mica 100 pf 5% 500vdew 
var cer 1.5-7 pf NPO 500vdcew 
fxd my 0. 22 uf 10% 200vdew 
fxd my 0.02 uf 5% 200vdew 
fxd my 2200 pf 10% 600vdcw 


fxd mica 220 pf 10% 500vdew 
fxd mica 150 pf 10% 500vdew 
var cer 5-25 pf 500vdcw 
fxd mica 1500 pf 2% 300vdcw 
var cer 5-25 pf 500vdcw 


fxd mica 470 pf 10% 500vdew 
fxd mica 39 pf 5% 500vdew 


fxd cer 2000 pf 20% 1000vdew 

fxd mica 390 pf 5% 500vdew 

fxd mica 15 pf 10% 500vdew 

fxd cer . 01 uf 20% 1000vdew 

fxd cer 4700 pf -20%+80% 4000vdcew 


fxd cer . Ol uf 20% 1000vdcw 
fxd cer 4700 pf -20%+80% 4000vdcew 
fxd cer 4700 pf -20% +80% 4000vdew 
fxd my 0.27 uf 10% 200vdcw 
fxd cer 4700 pf -20%+80% 4000vdcew 


fxd cer 2000 pf 20% 1000vdcw 

fxd cer 4700 pf -20%+80% 4000vdcew 
fxd cer 4700 pf -20%+80% 4000vdew 
fxd cer 4700 pf -20%+80% 4000vdcw 


fxd elect 120uf 300vdcw 

fxd elect 2 sect 120 - 40 uf 450vdcew 
fxd cer . 02 uf -20%+80% 600vdcew 
fxd elect 3 sect 40-30-20 uf 150vdcw 


fxd elect 2 sect 120 - 40 uf -10%+50% 300vdcw 


fxd cer . 02 uf -20%+80% 600vdcew 
fxd cer . O01 uf 20% 1000vdew 

fxd elect 1000 uf 50vdcw 

fxd cer . 02 uf -20%+80% 600vdew 


D 32538 
RCM15E470J 
RCM15E680J 
DM19F152G 


JFO.002-20% 
RCM15E101J 


BO. 02 GMV 
13C DISC 


TYPE GA OBD 
13C DISC 


600UE20452 
600UE20352 
T52910 
60QUE18252 
T51410-3 


RCM15E101J3 


600UE20352 
160P22296 


RCM20B221K 
RCM20B151K 
557-019-COP-39R 
DM19F152G 
957-019-COP-39R 


RCM20B471K 
RCM15E390J 


JFO. 002-20% 
RCM15E391J 
535-009-4R 
13C DISC 
DA172-097CB 


13C DISC 
DA172-097CB 
DA172-097CB 
160P27492 
DA172-097CB 


JFO. 002-20% 
DA172-097CB 
DA172-097CB 
DA172-097CB 


D36236 


D36235 


BO. 02 GMV 
13C DISC 
D32429 
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Table 6-2. Replaceable Parts (Cont'd) 


Section VI 
Table 6-2 


Ref Description 
wna [al eee, a 


01260-3 


1901-0044 


1901-0030 
1901-0030 
1901-0030 
1901-0045 
1902-0225 


1450-0048 


2110-0005 
2110-0020 


5060-0633 
5060-0625 
0340-0091 
0340-0086 


5060-0633 
5060-0626 
0340-0091 
0340-0087 


9140-0022 
5060-0409 
9140-0029 


1850-0038 


0686-1055 
0757-0059 
0757-0159 
0757-0057 
0757-0839 


0757-0054 
0757-0367 
0686-1055 
0687-4711 


0687-1041 
0687-1011 
0687-1011 
0730-0062 
0727-0197 


meteh 
yest 
ssi 
: si breakdown 18. 7v 


DS: neon indicator 


F: cartridge 1.6 amp s-b (for 115 v operation) 
F: cartridge 0.8 amp s-b (for 230 v operation) 


NSR - consists of: 
Binding Post: red (2 required) 
Binding Post: black 
Insulator: 3 hole 
Insulator: 2 hole 


NSR - consists of: 
Binding Post: red (2 required) 
Binding Post: black 
Insulator: 3 hole 
Insulator: 3 hole 


L: fxd rf 500uh 10% 
L: coil (trace align) 
L: fxd rf 100uh 


NSR: part of power cordWl 


Q: ge pnp 


fxd comp 1 megohm 5% 1/2w 
fxd metflm 1 megohm 1% 1/2w 
fxd metflm 1000 ohms 1% 1/2w 
fxd metflm 990 ohms 1% 1/2w 
fxd metflm 10k ohms 1% 1/2w 


fxd metflm 900k ohms 1% 1/2w 
fxd metflm 100k ohms 1% 1/2w 
fxd comp 1 megohm 5% 1/2w 
fxd comp 470 ohms 10% 1/2w 


ee ee 


fxd comp 100k ohms 10% 1/2w 
fxd comp 100 ohms 10% 1/2w 
fxd comp 100 ohms 10% 1/2w 
fxd depce 80k ohms 1% lw 

fxd depc 59. 48k ohms 1% 1/2w 


a 


1500-15-501 


3100-15-101 


EB1055 


EB1055 
EB4711 


EB1041 
EB10i1 
EB1011 


Section VI 
Table 6-2 


/B 


6-6 


2100-0054 
0727-0197 
0758-0030 
0758-0047 
2100-0339 


2100-0174 


0687-1011 
0687-1011 
0758-0030 
0758-0047 


0730-0056 
2100-1486 
0730-0024 
0730-0056 
0687-2231 


0687-2231 
0687-1011 
0687-1011 
0690-8221 
0758-0020 


0689-1635 
0687-4731 
0758-0020 
0690-8221 


2100-0102 
0727-0246 
0686-1055 
0727-0055 


0687-1041 
0687-1011 
0687-1011 
2100-0182 
0690-1041 
0690-1041 


0687-3321 
0687-2741 
2100-0258 
0687-2741 
0757-0059 


0687-1011 
0757-0050 
0758-0050 
0687-1011 
0757-0059 


ares 


oY) ye 


See 


A ee 


Pata e 2An ee oe eae 


Table 6-2. Replaceable Parts (Cont'd) 


var ww 500 ohms 10% 2w 

fxd depc 59. 48k ohms 1% 1/2w 

fxd met ox 510 ohms 5% 1/2w 

fxd met ox 7500 ohms 5% 1/2w 

var comp log dual 100k ohms 20% 1/4w 


: var coinp 500k ohms 20% , 5% cw log taper,1/4w 


w/spdt switch 

fxd comp 100 ohms 10% 1/2w 
fxd comp 100 ohms 10% 1/2w 
fxd met ox 510 ohms 5% 1/2w 
fxd met ox 7500 ohms 5% 1/2w 


fxd depc 68. 38k ohms 1% 1w 
var comp 300 ohms 20% 3w 
fxd depc 7500 ohms 1% 1w 
fxd depc 68. 38k ohms 1% 1w 
fxd comp 22k ohms 10% 1/2w 


fxd comp 22k ohms 10% 1/2w 
fxd comp 100 ohms 10% 1/2w 
fxd comp 100 ohms 10% 1/2w 
fxd comp 8200 ohms 10% 1w 

fxd met ox 22k ohms 5% 1/2w 


fxd comp 16k ohms 5% 1w 
fxd comp 47k ohms 10% 1/2w 
fxd met ox 22k ohms 5% 1/2w 
fxd comp 8200 ohms 10% 1w 


var comp 500k ohms 30% 0.1w 
fxd depc 600k ohms 1% 1/2w 
fxd comp 1 megohm 5% 1/2w 
fxd depc 201 ohms 1% 1/2w 


fxd comp 100k ohms 10% 1/2w 
fxd comp 100 ohms 10% 1/2w 
fxd comp 100 ohms 10% 1/2w 
var comp 3300 ohms 10% 1/3w 
fxd comp 100k ohms 10% 1w 
fxd comp 100k ohms 10% 1w 


fxd comp 3300 ohms 10% 1/2w 
fxd comp 270k ohms 10% 1/2w 
var comp dual 1 megohm 20% 1/4w 
fxd comp 270k ohms 10% 1/2w 
fxd metflm 1 megohm 1% 1/2w 


fxd comp 100 ohms 10% 1/2w 
fxd met ox 39k ohms 5% 1/2w 
fxd met ox 39k ohms 5% 1/2w 
fxd comp 100 ohms 10% 1/2w 
fxd metflm 1 megohm 1% 1/2w 


RGC-45 
EB1011 
EB1011 


EB2231 


EB2231 
EB1011 
EB1011 
GB8221 


GB1635 
EB4731 


GB8221 


UPE 70 


EB1055 


EB1041 
EB1011 
£B1011 
UPE 70 
GB1041 
GB1041 


EB3321 
EB2741 


2-45 
EB2741 


EB1011 


EB1011 


SPECIAL 
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Table 6-2. Replaceable Parts (Cont'd) 


0692-3635 : fxd comp 36k ohms 5% 2w HB3635 
0692-3635 : fxd comp 36k ohms 5% 2w HB3635 
0758-0047 : fxd met ox 7500 ohms 5% 1/2w 

0687-4731 : fxd comp 47k ohms 10% 1/2w EB4731 


0687-1011 
0687-1851 
2100-0154 
0758-0017 
0758-0073 


fxd comp 100 ohms 10% 1/2w EB1011 
fxd comp 1.8 megohms 10% 1/2w EB1851 
var comp 1000 ohms 30% 0. 1w UPE 70 
fxd met ox 1500 ohms 5% 1/2w 

fxd met ox 24k ohms 5% 1/2w 


0727-0202 
0687-1531 
0687-3921 
0758-0073 
0687-3921 


fxd depc 83k ohms 1% 1/2w p 

fxd comp 15k ohms 10% 1/2w EB1531 
fxd comp 3900 ohms 10% 1/2w EB3921 
fxd met ox 24k ohms 5% 1/2w 

fxd comp 3900 ohms 10% 1/2w EB3921 


0727-0201- 
0687-1041 
2100-0188 
0686-1245 
0686-2745 


fxd depc 71. 56k ohms 1% 1/2w 

fxd comp 100k ohms 10% 1/2w EB1041 
var comp 200k ohms 20% 1/4w VF-45 
fxd comp 120k ohms 5% 1/2w EB1245 
fxd comp 270k ohms 5% 1/2w EB2745 


PMMEE Mure Cael 


0727-0060 fxd depc 225 ohms 1% 1/2w 


0687-6831 
0687-1011 
0758-0073 
0690-1041 
0687-2731 


fxd comp 68k ohms 10% 1/2w EB6831 
fxd comp 100 ohms 10% 1/2w EB1011 
fxd met ox 24k ohms 5% 1/2w 

fxd comp 100k ohms 10% lw GB1041 
fxd comp 27k ohms 10% 1/2w EB2731 


0687-6841 
0727-0110 
0761-0076 
0686-1055 
0686-2055 


fxd comp 680k ohms 10% 1/2w EB6841 
fxd depc 1500 ohms 1% 1/2w 
fxd met ox 18k ohms 5% 1w 
fxd comp 1 megohm 5% 1/2w EB1055 
fxd comp 2 megohm 5% 1/2w EB2055 


EG 
RR: 
R: 
Ree 
Rte 
Re 
Eve 
Rte 
[Rt 
Eve 


0687-4711 : fxd comp 470 ohms 10% 1/2w EB4711 
0689-1835 : fxd comp 18k ohms 5% 1w GB1835 
0690-8231 : fxd comp 82k ohms 10% 1w GB8231 
0687-2731 : fxd comp 27k ohms 10% 1/2w EB2731 
0687-4711 : fxd comp 470 ohms 10% 1/2w EB4711 


0687-4741 : fxd comp 470k ohms 10% 1/2w EB4741 
2100-0094 : var comp 50k ohms 30% 0. 1w UPE 70 SPECIAL 


0771-0006 
0687-1241 
0687-1041 
2100-0144 
0758-0006 
0686-4345 


fxd met ox 27k ohms 10% 4w 

fxd comp 120k ohms 10% 1/2w EB1241 
fxd comp 100k ohms 10% 1/2w EB1041 
var comp 250k ohms 30% 0.1w UPE 70 
fxd met ox 10k ohms 5% 1/2w 

fxd comp 430k ohms 5% 1/2w EB4345 


INT oe 
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Ref 
t e ie Rose 
Desig Rye BE 


0758-0073 
2100-0093 
0687-2731 


0687-1051 
0727-0376 
0727-0173 
0727-0285 
0757-0128 


0687-4731 
2100-0094 
0727-0132 
0727-0100 
0687-6841 


0727-0292 
0727-0292 
0727-0292 
0727-0292 
2100-0338 


0687-3931 
0687-2231 
0687-2741 
0687-1541 


0687-1021 
0687-1041 
0693-1541 
0690-5641 
0687-1051 


0687-1551 
0686-2455 
2100-0096 
0693-5651 
0693-5651 


0693-5651 
2100-0105 
0687-5641 
0687-2731 
0687-6831 


2100-0095 
0687-6831 
0687-2251 
0687-3331 
2100-0102 


2100-0171 
0687-1041 
0693-8251 
0693-8251 
0693-8251 


by rd bo 


R: 
Fes 
R: 
3 
Rte 
RR: 
R: 
Re 
RR 
R: 


oo OO ee ee 


OO ee Oe Ue ee ce eee 


Table 6-2. Replaceable Parts (Cont'd) 


fxd met ox 24k ohms 5% 1/2w 


: var comp 20k ohms 20% 0. 1w 


fxd comp 27k ohms 10% 1/2w 


fxd comp 1 megohm 10% 1/2w 
fxd depe 1.98 megohm 1% 1/2w 
fxd depe 20k ohms 1% 1/2w 

fxd depc 1.8 megohm 1% 1/2w 


: fxd met flm 200k ohms 1% 1/2w 


fxd comp 47k ohms 10% 1/2w 


: var comp 50k ohms 30% 0. 1w 
: fxd depc 4000 ohms 1% 1/2w 

: fxd depc 1000 ohms 1% 1/2w 

: fxd comp 680k ohms 10% 1/2w 


fxd depec 3 megohm 1% 1/2w 
fxd depe 3 megohm 1% 1/2w 
fxd depc 3 megohm 1% 1/2w 
fxd depe 3 megohm 1% 1/2w 


var comp log dual 100k ohms 20% 1/4w 


(includes S103) 


: fxd comp 39k ohms 10% 1/2w 


fxd comp 22k ohms 10% 1/2w 


: fxd comp 270k ohms 10% 1/2w 
: fxd comp 150k ohms 10% 1/2w 


fxd comp 1000 ohms 10% 1/2w 
fxd comp 100k ohms 10% 1/2w 
fxd comp 150k ohms 10% 2w 
fxd comp 560k ohms 10% lw 
fxd comp 1 megohm 10% 1/2w 


fxd comp 1.5 megohm 10% 1/2w 
fxd comp 2.4 megohm 5% 1/2w 
var comp 1 megohm 30% 0. 1w 
fxd comp 5.6 megohm 10% 2w 
fxdcomp 5.6 megohm 10% 2w 


fxd comp 5.6 megohm 10% 2w 
var comp 3.5 megohm 30% 1/2w 
fxd comp 560k ohms 10% 1/2w 
fxd comp 27k ohms 10% 1/2w 
fxd comp 68k ohms 10% 1/2w 


var comp 100k ohms 30% 0.1w 
fxd comp 68k ohms 10% 1/2w 
fxd comp 2.2 megohm 10% 1/2w 
fxd comp 33k ohms 10% 1/2w 
var comp 500k ohms 30% 0.1w 


var comp 200k ohms 20% 1/4w (includes $301) 


fxd comp 100k ohms 10% 1/2w 
fxd comp 8.2 megohm 10% 2w 
fxd comp 8.2 megohm 10% 2w 
fxd comp 8.2 megohm 10% 2w 


OBD 
EB2731 


EB1051 


EB4731 
UPE 70 SPECIAL . 


EB6841 


OBD 


EB3931 
EB2231 
EB2731 
EB1541 


EB1021 
EB1041 
HB1541 
GB5641 
EB1051 


EB1551 
EB2455 
UPE 70 SPECIAL 
HB 5651 
HB 5651 


HB 5651 
UPE 70 
EB5641 
EB2731 
EB6831 


OBD 

EB6831 

EB2251 

EB3331 

UPE 70 SPECIAL 


VF-45 

EB1041 
HB8251 
HB8251 
HB8251 
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Table 6-2. Replaceable Parts (Cont'd) 


Seis 
So aeeitiee Rs] TQ (See Table 6-1. ote | Mfr Part No. 


0687-4731 
0687-2751 


0687-1051 
0687-1051 
0690-1841 
0690-4741 
0687-1051 


0687-4731 
0687-4711 
0687-1021 
0727-0236 
0727-0218 


0727-0378 
0687-4711 


0727-0287 
2100-0144 
0727-0289 
0687-8241 
0687-8231 


0761-0006 
0687-1831 
0687-1531 
0687-1051 


0699-0006 
0699-0006 
0767-0010 
2100-0150 
0687-3331 


3101-0011 


3101-0010 


3101-0011 
3101-0011 


oO eee 


S: 


OO ee 


: fxd comp 47k ohms 10% 1/2w 
: fxd comp 2.7 megohm 10% 1/2w 


fxd comp 1 megohm 10% 1/2w 
fxd comp 1 megohm 10% 1/2w 
fxd comp 180k ohms 10% 1w 
fxd comp 470k ohms 10% 1w 
fxd comp 1 megohm 10% 1/2w 


fxd comp 47k ohms 10% 1/2w 
fxd comp 470 ohms 10% 1/2w 
fxd comp 1000 ohms 10% 1/2w 
fxd depc 360k ohms 10% 1/2w 
fxd depc 180k ohms 1% 1/2w 


fxd depc 257.1k ohms 1% 1/2w 
fxd comp 470 ohms 10% 1/2w 


fxd depc 2 megohm 1% 1/2w 
var comp 250k ohms 30% 0.1w 
fxd depc 2.52 megohm 1% 1/2w 
fxd comp 820k ohms 10% 1/2w 
fxd comp 82k ohms 10% 1/2w 


fxd met ox 10k ohms 5% 1w 

fxd comp 18k ohms 10% 1/2w 
fxd comp 15k ohms 10% 1/2w 
fxd comp 1 megohm 10% 1/2w 


fxd comp 4.7 ohms 10% 1w 

fxd comp 4.7 ohms 10% 1w 

fxd met ox 15k ohms 5% 3w 

var comp dual 10k ohms 20% 1/4w 
fxd comp 33k ohms 10% 1/2w 


slide dpdt (p/o A3) 


NSR: part of A2 
S: pushbutton dpdt 


S: 
S: 


slide dpdt (p/o A102) 
slide dpdt (p/o A101) 
NSR: part of R275A/B 


EB4731 
EB2751 


EB1051 
EB1051 
GB1841 
GB4741 
EB1051 


EB4731 


EB4711 
EB1021 


EB4711 


UPE 70 
EB8241 
EB8231 


EB1831 
EB1531 
EB1051 


GB47G1 
GB47G1 


UPE 70 
EB3331 


11A-1013 


38-1407 


11A-1013 
11A-1013 


NSR: part of A201 
NSR: part of R213 


NSR: part of A204 


; part of R321 


120A-11A-1 T: high voltage 
9100-0156 T: power 
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1932-0029 
1932-0029 
1932-0035 
2140-0084 
2140-0084 


1932-0029 
1932-0035 


1932-0035 
1933-0014 
1932-0029 
1921-0005 
1933-0014 


2140-0084 
2140-0084 
2140-0084 
2140-0084 


1932-0029 
1923-0018 
1920-0001 
1920-0001 
5083-0353 


1921-0010 
1933-0014 
1921-0010 
1923-0021 
1940-0001 


8120-0050 


1200-0062 
1200-0062 
1200-0062 


1200-0062 
1200-0062 


1200-0062 
1200-0062 
1200-0062 
1200-0053 
1200-0062 


Table 6-2. Replaceable Parts (Cont'd) 


: electron dual triode 12AU7 
: electron dual triode 12AU7 
: electron dual triode 6DJ8 

: glow lamp aged 

: glow lamp aged 


: electron dual triode 12AU7 
: electron dual triode 6DJ8 


S333 Sa 


OSS ears 


4° S355 


q35 


<3 


electron dual triode 6DJ8 
electron triode - pentode 6GH8A 
electron dual triode 12AU7 
electron triode 6C4 

electron triode - pentode 6GH8A 


glow lamp aged 
glow lamp aged 
glow lamp aged 
glow lamp aged 


electron dual triode 12AU7 
electron beam power pentode 6AQ5 
electron high voltage diode 5642 
electron high voltage diode 5642 


RT: P31 phosphor internal graticule 


electron low-mu triode 12B4A 
electron triode - pentode 6GH8A 
electron low-mu triode 12B4A 
electron pentode 6AU6 

electron voltage reference 5651A 


: power cord (includes P301) 


9 pin minat 


: 9 pin minat 


9 pin minat 


9 pin minat 
9 pin minat 


9 pin minat 


: 9 pin minat 
: 9 pin minat 
: 7 pin minat 
: 9 pin minat 


CS-9941/PH-151/ 
7.5 ft 


121-51-11-060 
121-51-11-060 
121-51-11-060 


121-51-11-060 
121-51-11-060 


121-51-11-060 
121-51-11-060 
121-51-11-060 
111-51-11-069 
121-51-11-060 
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Table 6-2. Replaceable Parts (Cont'd) 


De ante 


02160-4 


1200-0062 
1200-0053 


1200-0037 
1200-0050 
1200-0192 
1200-0062 
1200-0062 
1200-0062 
1200-0053 
1200-0053 


1200-0041 


0370-0026 
0370-0037 
0370-0062 
0370-0084 
0370-0113 


0370-0114 
0905-0016 
1200-0043 
1205-0003 
1205-0007 


1205-0008 
5000-0408 
5040-0401 
5040-0421 
5040-0466 


120A-20A 
120B-1A 
120B-1B 
120B-5A 
120B-6D 


120B-16B 
120B-6F 

120B-16F 
120B-83D 


5083-0323 
5083-0333 
9083-0342 


0693-4711 
1370-0084 
1450-0084 
2100-1838 
2140-0057 


XV: 9 pin minat 
XV: 7 pin minat 
NSR - consists of: 
Socket: crt 
Pin: crt socket 
Cover: crt socket 

: 9 pin minat 

: 9 pin minat 

: 9 pin minat 

: 7 pin minat 

: 7 pin minat 


121-51-11-060 
111-51-11-069 


121-51-11-060 
121-51-11-060 
121-51-11-060 
411-51-11-069 
111-51-11-069 


: 2 pin 133-92-10-034 


MISCELLANEOUS 


:, 3/4 inch black w/arrow 
1 inch skirted black w/arrow 
3/4 inch red w/arrow 

: 5/8 inch black w/arrow 

: 3/4 inch skirted black w/arrow 


: 5/8 inch red w/arrow 
Gasket: felt (crt) 
Insulator: anodized alum (for Q301) 293011 
Insulator: transistor (Q301) 
Dissipator: heat (nut) 


Dissipator: heat (body) 
Bracket: coil alignment 
Support: hv capacitor 
Insulator: hv (intensity pot) 
Retainer: crt shield 


Bezel: crt 

Deck: main 

Deck: capacitor 
Bracket: angle center 
Shield: sync 


Cable: vertical input 
Assy: crt shield 

Cable: main harness 
Support: pc board stiffener 


SPECIAL ORDER CRT’S 


CRT: P2 phosphor internal graticule 
CRT: P7 pyosphor internal graticule 
CRT: P11 phosphor aluminized internal graticule 


OPTION 05 


(Parts required in addition to, or instead of, 
standard parts. ) 


R: fxd comp 470 ohms 10% 2w 

Knob: 5/8 inch black w/arrow 

Lampholder: screw base miniature 

R: var comp 300 ohms 20% 1w, with spst switch 
Lamp: 6 v incd miniature screw base 


Section VI 
Table 6-2 


5040-0420 
5083-0310 
9083-0320 
5083-0330 
5083-0340 


5083-0350 
9100-1108 
120A-83A 
120A-83B 
120A-83C 


120A-83G 
120B-2F 


120B-83C-1 


120B-83E 


2151-0038 
2151-0040 
120B-2G 
120B-16J 
120B-16K 


120B-2H 
120B-5B 
120B-6G 
120B-12P 
120B-37A 
120B-47A 


Table 6-2. Replaceable Parts (Cont'd) 


ee ) 


OPTION 05 (cont’d) 


: light 


: Pl phosphor w/o internal graticule 
: P2 phosphor w/o internal graticule 
: P7 phosphor w/o internal graticule 
: P11 phosphor w/o internal graticule 


: P31 phosphor w/o internal graticule 


T: power 


Filter: light amber (for P7 phosphor) — 
Filter: light blue (for P31 phosphor) 


Graticule: 


Filter: light green (for P1, P2, P31 phosphor) 


external scribed 


Panel: front 


Graticule: 


external unscribed 


Retainer: crt 


(Parts required in addition to, or instead 


OPTION 06 


of, standard parts. ) 


Connector: 


3 pin female 


Clamp: cable 
Panel: rear 

Cable: 20 inch 
Cable: 26 inch 


(Parts required in addition to, or instead 


OPTION 13 


of, standard parts. ) 


Panel: front 

Casting: frame side 

Assy: vertical shield (A101) 
Assy: ac/dc switch (A3, A102) 
Bar: panel mounting 

Support: panel 
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Table 6-3. Code List of Manufacturers 


Section VI 
Table 6-3 


Code Code 
No. Manufacturer Address No. _— Manufacturer Address 
00000 U.S.A. Common Any supplier of U.S. 07126 Digitran Co. Pasadena, Calif. 
00136 McCoy Electronics Mount Holly Springs, Pa. 07137 Transistor Electronics Corp. Minneapolis, Minn. 
00213 Sage Electronics Corp. Rochester, N.Y. 07138 Westinghouse Electric Corp. 
00287 Cemco Inc. Danielson, Conn. Electronic Tube Div. Elmira, N.Y. 
00334 Humidial Colton, Calif. 07149 Filmohm Corp. New York, N.Y. 
00373 Garlock Inc., 07233 Cinch-Graphik Co. City of Industry, Calif. 
Electronics Products Div. Camden, N.J. 07261 Avnet Corp. Los Angeles, Calif. 
00656 Aerovox Corp. New Bedford, Mass. 07263 Fairchild Camera & Inst. Corp. 
00779 Amp, Inc. Harrisburg, Pa. Semiconductor Div. Mountain View, Calif. 
00781 Aircraft Radio Corp. Boonton, N.J. 07322 Minnesota Rubber Co. Minneapolis, Minn. 
00815 Northern Engineering Laboratories, Inc. 07387 Birtcher Corp., The Monterey Park, Calif. 
Burlington, Wis. 07700 Technical Wire Products Inc. Cranford, N.J. 
00853 Sangamo Electric Co,, Pickens Div. 07910 Continental Device Corp. Hawthorne, Calif. 
Pickens, S.C. 07933 Raytheon Mfg. Co., 
00866 Goe Engineering Co. Los Angeles, Calif. Semiconductor Div. Mountain View, Calif. 
00891 Carl E. Holmes Corp. Los Angeles, Calif. 07966 Shockley Semi-Conductor Laboratories 
01121 Allen Bradley Co. Milwaukee, Wis. - Palo Alto, Calif. 
01255 Litton Industries, Inc. Beverly Hills, Calif. 07980 Hewlett-Packard Co., Boonton Radio Div. 
01281 TRW Semiconductors, Inc. Lawndale, Calif. Rockaway, N.J. 
01295 Texas Instruments, Inc., 08145 U.S. Engineering Co. Los Angeles, Calif. 
Transistor Products Div. Dallas, Texas 08289 Blinn, Delbert Co. Pomona, Calif. 
01349 The Alliance Mfg. Co. Alliance, Ohio 08358 Burgess Battery Co. 
01589 Pacific Relays, Inc. Van Nuys, Calif. Niagara Falls, Ontario, Canada 
"01930 Amerock Corp. Rockford, III. 08664 Bristol Co., The Waterbury, Conn. 
01961 Pulse Engineering Co. Santa Clara, Calif. 08717 Sloan Company Sun Valley, Calif. 
02114 Ferroxcube Corp. of America Saugerties, N.Y. 08718 ITT Cannon Electric Inc., Phoenix Div. 
02286 Cole Rubber and Plastics Inc. Sunnyvale, Calif. Phoenix, Arizona 
02660 Amphenol-Borg Electronics Corp. Chicago, Ill. 08792 CBS Electronics Semiconductor 
02735 Radio Corp. of America, Semiconductor Operations, Div of C.B.S. Inc. 
and Materials Div. Somerville, N.J. =) Lowell, Mass. 
02771 Vocaline Co. of America, Inc. 08984 Mel-Rain Indianapolis, Ind. 
Old Saybrook, Conn. 09026 Babcock Relays Div. Costa Mesa, Calif. 
02777 Hopkins Engineering Co. San Fernando, Calif. 09134 Texas Capacitor Co. Houston, Texas 
03508 G.£. Semiconductor Prod. Dept. Syracuse, N.Y. 09145 Atohm Electronics Sun Valley, Calif. 
03705 Apex Machine & Tool Co. Dayton, Ohio 09250 Electro Assemblies, Inc. Chicago, III. 
03797 Eldema Corp. Compton, Calif. 09569 Mallory Battery Co. of 
03877 Transitron Electric Corp. Wakefield, Mass. Canada, Ltd. Toronto, Ontario, Canada 
03888 Pyrofilm Resistor Co., Inc. Cedar Knolls, N.J. 10214 General Transistor Western Corp. 
03954 Singer Co., Diehl Div. Los Angeles, Calif. 
Finderne Plant Sumerville, N.J. 10411 Ti-Tal, inc. Berkeley, Calif. 
04009 Arrow, Hart and Hegeman Elect. Co. 10646 Carborundum Co. Niagara Falls, N.Y. 
Hartford, Conn. 11236 CTS of Berne, Inc. Berne, Ind. 
04013 Taurus Corp. Lambertville, N.J. 11237 Chicago Telephone of California, Inc. 
04062 Elmenco Products Co. New York, N.Y. So. Pasadena, Calif. 
04222 Hi-Q Division of Aerovox Myrtle Beach, S.C. 11242 Bay State Electronics Corp. Waltham, Mass. 
04354 Precision Paper Tube Co. Chicago, Ill. 11312 Microwave Electronics Corp. Palo Alto, Calif. 
04404 Dymec Division of Hewlett-Packard Co. 11534 Duncan Electronics Inc. Costa Mesa, Calif. 
Palo Alto, Calif. 11711 General Instrument Corp. , Semiconductor 
04651 Sylvania Electric Products, Microwave : Div., Products Group Newark, N.J. 
Device Div. Mountain View, Calif. 11717 Imperial Electronic, Inc. Buena Park, Calif 
04713 Motorola, Inc., Semiconductor Prod. Div. 11870 Melabs, Inc. Palo Alto, Calif. 
Phoenix, Arizona 12136 Philadelphia Handle Co. Camden, N.J. 
04732 Fitron Co., Inc. Western Div. 12697 Clarostat Mfg. Co. Dover, N.H. 
Culver City, Calif. 12859 Nippon Electric Co., Ltd. Tokyo, Japan 
04773 Automatic Electric Co. Northlake, III. 12881 Metex Electrenics Corp Clark, N.J. 
04796 Sequoia Wire Co. Redwood City, Calif. 12930 Delta Semiconductor Inc. Newport Beach, Calif. 
04811 Precision Coil Spring Co. El Monte, Calif. 12954 Dickson Electronics Corp. Scottsdale, Arizona 
04870 P.M. Motor Company Westchester, Ill. 13103 Thermolloy Dallas, Texas 
05006 Twentieth Century Plastics, Inc. 13396 Telefunken (GmbH) Hanover, Germany 
Los Angeles, Calif. 13835 Midland-Wright Div. of Pacific Industries, Inc. 
05277 Westinghouse Electric Corp. Kansas City, Kansas 
Semi-Conductor Dept. Youngwood, Pa. 14099 Sem-Tech Newbury Park, Calif. 
05347 Ultronix, Inc. San Mateo, Calif. 14193 Calif. Resistor Corp. Santa Monica, Calif. 
05593 Illumitronic Engineering Co. Sunnyvale, Calif. 14298 American Components, Inc. Conshohocken, Pa. 
05616 Cosmo Plastic 14433 ITT Semiconductor, A Div. of Int. Telephone 
(c/o Electrical Spec. Co.) Cleveland, Ohio & Telegraph Corp. West Palm Beach, Fla. 
05624 Barber Colman Co. Rockford, Ill. 14493 Hewlett-Packard Company Loveland, Colo 
05728 Tiffen Optical Co. 14655 Cornell Dublier Electric Corp. Newark, N.J. 
Roslyn Heights, Long Island, N.Y. 14674 Corning Glass Works Corning, N.Y. 
05729 Metro-Tel Corp. Westbury, N.Y. 14752 Electro Cube Inc. So. Pasadena, Calif. 
05783 Stewart Engineering Co. Santa Cruz, Calif. 4960 Williams Mfg. Co. San Jose, Calif. 
05820 Wakefield Engineering Inc. Wakefield, Mass. 5203 Webster Electronics Co New York, N.Y. 
06004 Bassick Co., The Bridgeport, Conn. 15291 Adjustable Bushing Co. N. Hollywood, Calif. 
06175 Bausch and Lomb Optical Co. Rochester, N.Y. 5558 Micron Electronics 
06402 E.T.A. Products Co. of America Chicago, Ill. Garden City, Long Island, N.Y. 
06475 Western Devices Inc. Burbank, Calif. 15772 Twentieth Century Coil Spring Co. 
06540 Amatom Electronic Hardware Co., Inc. Santa Clara, Calif 
New Rochelle, N.Y. 5818 Amelco Inc Mt. View, Calif 
06555 Beede Electrical Instrument Co., Inc. 5909 Daven Div. Thomas A. Edison Ind. 
Penacook, N.H. McGraw-Edison Co. Long Island City, N.Y 
06666 General Devices Co., Inc. Indianapolis, Ind. 16037 Spruce Pine Mica Co Spruce Pine, N.C 
06751 Nuclear Corp. of America 6179 Omni-Spectra Inc Detroit, III 
U.S. Semcor Div Phoenix, Arizona 6352 Computer Diode Corp. Lodi, N.J 
06812 Tortington Mfg. Co., West Div. 6688 Ideal Prec. Meter Co., Inc 
Van Nuys, Calif. De Jur Meter Div Brooklyn, N.Y 
06980 Eitel-McCullough Inc. San Carlos, Calif. 6758 Delco Radio Div. of G.M. Corp Kokomo, Inc 
07088 Kelvin Electric Co. Van Nuys, Calif. 7109 Thermonetics Inc Canoga Park, Calif 
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The following code numbers are from the Federal Supply Code for Manufacturers Cataloging Handbooks H4-1 (Name to Code) 


and H4-2 (Code to Name) and their latest su 


the bottom of each page. Alphabetical codes 


Cod 
No. 


17474 
18042 
18476 
18486 
18583 
18873 
18911 
19315 


19500 


19644 
19701 
20183 
21226 
21335 
21520 
24455 


24655 
26365 
26462 


26992 
28480 
33173 
35434 
36196 


37942 
39543 
40920 
42190 
43990 
44655 
47904 
48620 


49956 
52090 
52983 
54294 
55026 
55933 
55938 


56137 
56289 
59446 
59730 
60741 
61775 


62119 
63743 
64959 
65092 
66295 
66346 


70276 
70318 


Ss 
i) 


Address 


Manufacturer 


Tranex Company Mountain View, Calif. 


Power Design Pacific Inc. Palo Alto, Calif. 
Ty-Car Mfg. Co., Inc. Holliston, Mass. 
Radio Industries Des Plaines, Ill. 
Curtis Instrument, Inc. Mt. Kisco, N.Y. 
E.l. DuPont and Co., Inc. Wilmington, Del. 


Durant Mfg. Co. 
Bendix Corp., The 
Eclipse-Poineer Div. Teterboro, N.J. 
Thomas A. Edison Industries, Div. of 
McGraw-Edison Co. West Orange, N.J. 
LRC Electronics Horseheads, N.Y. 
Electra Mfg. Co. Independence, Kansas 
General Atronics Corp. Philadelphia, Pa. 


Milwaukee, Wis. 


Executone, Inc, New York, N.Y. 
Fafnir Bearing Co., The New Britain, Conn. 
Fansteel Metallurgical Corp. N. Chicago, Ill. 


G.E. Lamp Division 
Nela Park, Cleveland, Ohio 
General Radio Co. West Concord, Mass. 
Gries Reproducer Corp. New Rochelle, N.Y. 
Grobet File Co. of America, Inc. 
Carlstadt, N.J. 


Hamilton Watch Co. Lancaster, Pa. 


Hewlett-Packard Co. Palo Alto, Calif. 
G.E. Receiving Tube Dept. Owensboro, Ky. 
Lectrohm Inc. Chicago, Ill. 


Stanwyck Coil Products Ltd. 
Hawkesbury, Ontario, Canada 
P.R. Mallory & Co. Inc. Indianapolis, Ind. 


Mechanical Industries Prod. Co. Akron, Ohio 
Miniature Precision Bearings, Inc. Keene, N.H. 
Muter Co. Chicago, Ill. 
C.A. Norgren Co. Englewood, Colo. 
Ohmite Mfg. Co. Skokie, Ill. 


Polaroid Corp. Cambridge, Mass. 

Precision Thermometer & Inst. Co. 

Southampton, Pa. 
Waltham, Mass. 
Westminster, Md. 
Waltham, Mass. 


Microwave & Power Tube Div. 
Rowan Controller Co. 
Sanborn Company 


Shallcross Mfg. Co. Selma, N.C. 
Simpson Electric Co. Chicago, Ill. 
Sonotone Corp. Elmsford, N.Y. 


Raytheon Co. Commercial Apparatus & 

Systems Div So. Norwalk, Conn 
Spaulding Fibre Co., Inc. Tonawanda, N.Y. 
Sprague Electric Co. North Adams, Mass. 
Telex sinc: St. Paul, Minn. 
Thomas & Betts Co. Elizabeth, N.J. 
Triplett Electrical Inst. Co. Bluffton, Ohio 
Union Switch and Signal, Div. of 

Westinghouse Air Brake Co 
Universal Electric Co 
Ward-Leonard Electric Co. 
Western Electric Co., Inc 
Weston Inst. Inc. Weston-Newark 
Wittek Mfg. Co Chicago, Ill. 
Revere Wollansak Div. Minn. Mining & 

Mft. Co. St. Paul, Minn. 
Allen Mfg. Co Hartford, Conn 
Allmetal Screw Product Co., Inc 

Garden City, N.Y. 


Pittsburgh, Pa. 
Owosso, Mich. 
Mt. Vernon, N.Y. 
New York, N.Y. 
Newark, NJ. 


Atlantic India Rubber Works, Inc Chicago, II! 
Amperite Co., Inc Union City, N.J. 
Belden Mfg. Co. Chicago, III 
Bird Electronic Corp Cleveland, Ohio 
Birnbach Radio Co New York, N.Y 


Boston Gear Works Div. of Murray Co. 
of Texas Quincy, Mass. 
Bud Radio, Inc Willoughby, Ohio 
Camloc Fastener Corp Paramus, N.J. 
Cardwell Condenser Corp 
Lindenhurst L.I., N.Y 
Bussmann Mfg. Div. of McGraw-Edison Co 


St. Louis, Mo. 
Chicago Condenser Corp Chicago, Il 
Calif. Spring Co., Inc Pico-Rivera, Cali 
CTS Corp. Elkhart, Ind. 


!TT Cannon Electric Inc 
Cinema Plant, Hi-Q Div 


Los Angeles, Calif 
Aerovox Corp 
Burbank, Cali 

C.P. Clare & Co. Chicago, 


Centralab Div. of Globe Union Inc 


Milwaukee, Wis 
Chicago, 
New York, N.Y 


Commercial Plastics Co 
Cornish Wire Co., The 


pene The date of revision and the date of the supplements used appear at 
ave been arbitrarily assigned to suppliers not appearing in the H4 handbooks. 


Code 
No. 


71707 
71744 
71753 


71785 


71984 
72136 
72354 


72619 
72656 


72765 
72825 
72928 
72964 
72982 
73061 
73076 
73138 


73293 
73445 


73506 
73559 
73682 


73734 
73743 
73793 
73846 
73899 
73905 
74276 
74455 
74861 
74868 


74970 
75042 
75378 
75382 
75818 
75915 
76005 
76210 
76433 


76487 
76493 
76530 
76545 
76854 
71068 


77075 
7722) 


77252 
71342 


77630 
77638 


71764 
77969 
78189 


78283 
78290 
78452 
78471 
78488 
78493 
78553 
78790 
78947 
79136 
79142 
79251 
79727 


79963 


From 


Manufacturer Address 
Coto Coil Co., Inc. 
Chicago Miniature Lamp Works 
A.0. Smith Corp., Crowley Div. 

West Orange, N.J. 
Cinch Mfg. Co., Howard B. Jones Div. 

Chicago, Ill. 

Dow Corning Corp. Midland, Mich. 
Electro Motive Mfg. Co., Inc. Willimantic, Conn. 
John E. Fast Co., Div. Victoreen Instr. Co. 


Providence, R.I. 
Chicago, Ill. 


Chicago, III. 
Dialight Corp. Brooklyn, N.Y 
Indiana General Corp., Electronics Div. 
Keasby, N.J. 
Drake Mfg. Co. Chicago, Ill. 
Hugh H. Eby Inc. Philadelphia, Pa. 
Gudeman Co. Chicago, III. 
Robert M. Hadley Co. Los Angeles, Calif. 
Erie Technological Products, Inc. Erie, Pa. 
Hansen Mfg. Co., Inc. Princeton, Ind. 
H.M. Harper Co Chicago, III. 
Helipot Div. of Beckman Inst., Inc. 
Fullerton, Calif. 
Hughes Products Division of Hughes 
Aircraft Co. Newport Beach, Calif. 


Amperex Electronic Co., Div. of North American 
Phillips Co., Inc. Hicksville, N.Y. 
Bradley Semiconductor Corp. New Haven, Conn. 
Carling Electric, Inc. Hartford, Conn 
George K. Garrett Co., Div. MSL 
Industries Inc Philadelphia, Pa. 


Federal Screw Products Inc. Chicago, Ill. 
Fischer Special Mfg. Co. Cincinnati, Ohio 
General Industries Co., The Elyria, Ohio 
Goshen Stamping & Tool Co Goshen, Ind 
FD Electronics Corp Brooklyn, N.Y. 
ennings Radio Mfg. Corp. San Jose, Calif. 
Signalite Inc. Neptune, N.J 
J.H. Winns, and Sons Winchester, Mass. 
ndustrial Condenser Corp Chicago, Ill. 


R.F. Products Division of Amphenol-Borg 

Electronics Corp. Danbury, Conn 
E.F. Johnson Co Waseca, Minn 
nternational Resistance Co Philadelphia, Pa 


ames Knights Co Sandwich, Ill. 
Kulka Electric Corporation Mt. Vernon, N.Y 
Lenz Electric Mfg. Co Chicago, Ill. 
Littlefuse, Inc Des Plaines, Ill. 
Lord Mfg. Co Erie, Pa 


C.W. Marwedel San Francisco, Cali 
General Instrument Corp., Micamold Div 
Newark, N.J 
Malden, Mass 
Los Angeles, Cali 
San Leandro, Calif 
Cleveland, Ohio 
Crystal Lake, Il 


James Millen Mfg. Co., Inc 
J.W. Miller Co 
Monadnock Mills 
Mueller Electric Co 
Oak Manufacturing Co 
Bendix Corp., The 

Bendix Pacific Div N. Hollywood, Calif 
Pacific Metals Co San Francisco, Calif 
Phanostran Instrument and Electronic Co 

South Pasadena, Calif 

Philadelphia Steel and Wire Corp 
Philadelphia, Pa 
Potter 


American Machine & Foundry Co 
& Brumfield Div Princeton, Ind 
TRW Electronic Components Div Camden, N.J 

General Instrument Corp., Rectifier Div 
Brooklyn, N.Y 


Resistance Products Co Harrisburg, Pa 


Rubbercraft Corp. of Calif Torrance, Calif 
Shakeproof Division of Illinois Tool Works 

Elgin, Ill 
Signal Indicator Corp New York, N.Y 
Struthers-Dunn Inc Pitman, N.J 
Thompson-Bremer & Co Chicago, Ill 
Tilley Mfg. Co San Francisco, Calif 
Stackpole Carbon Co St. Marys, Pa 
Standard Thomson Corp Waltham, Mass 
Tinnerman Products, Inc Cleveland, Ohio 
Transformer Engineers San Gabriel, Calif 


Ucinite Co 
Waldes Kohinoor Inc 
Veeder Root, Inc 
Wenco Mfg. Co 
Continental-Wirt Electronics Corp 

Philadelphia, Pa 
New Rochelle, N.Y 


Newtonville, Mass 
Long Island City, N.Y 
Hartford, Conn 
Chicago, Ill, 


Zierick Mfg. Corp 


FSC Handbook Supplements 
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6-13 


82866 
82877 
82893 
83053 
83058 
83086 


83125 
83148 
83186 
83298 
83315 
83330 
83385 
83501 


83594 


83740 
83777 
83821 
84171 
84396 
8441) 
84970 
85454 
85471 


00144 ADC Products Inc. 


Ss. 
Research Products Corp. . 
Rotron Manufacturing ae Inc. 
Vector Electronic Co. 
Western Washer Mfr. Co. Los Angeles, Calif. 
Cam Fastener Co. Cambridge, Mass. 
New Hampshire Ball Bearing, Inc. 
Peterborough, N.H. 
Pyramid Electric Co. Darlington, S.C. 
Electro Cords Co. 
Victory Engineering Corp. 
Bendix Corp., Red Bank Div. 
Hubbell Corp. 
Smith, Herman H., Inc 
Central Screw Co. — 
Gavitt Wire and Cable Co., 
Div. of Amerace Corp. 
Burroughs Corp., 
Electronic Tube Div. 
Eveready Battery 
Model Eng. and Mfg., Inc 
Loyd Scruggs Co. 
Arco Electronis, Inc. 
A.J. Glesener Co., Inc 
Good All Electric Mfg. Co. 
Sarkes Tarzian, Inc. 
Boonton Molding Company 
A.B. Boyd Co. 


Springfield, N.J. 
Red Bank, N.J. 
Mundelein, Ill. 
Brooklyn, N.Y. 
Chicago, Ill. 


Brookfield, Mass. 


Plainfield, N.J. 
New York, N.Y. 
Huntington, Ind. 
Festus, Mo. 

New York, N.Y. 

San Francisco, Calif. 
Ogaliala, Neb. 
Bloomington, Ind. 
Boonton, N.J. 

San Francisco, Calif. 


Subsidiary of Magnetic Controls Co. 


01002 General Electric Co. 


05397 Union Carbide Corp. 


52983 Sanborn Co. 


73586 Circle F Mfg. Co. 
91886 Malco Mfg. Co., Inc. 


Gainsville, Fla. 
Cleveland, Ohio 


Capacitor Dept. 


Linde Division 
Kemet Dept. 


Waltham, Mass. 
Trenton, N.J. 
Chicago, III. 


6-14 


Glendale, Calif. 


Los Angeles, Calif. 


Minneapolis, Minn. 


ads D 
Bearing Engineering 
Connor Spring Mfg. Co. 
Miller Dial & Nameplate Co. 
Radio Materials Co. 

Augat Brothers’, Inc. 

Dale Electronics, Inc. 

Elco Corp. 


Attleboro, Mass. 
Columbus, Nebr. 
Philadelphia, Pa. 
Gremar Mfg. Co., Inc. Wakefield, Mass. 
K F Development Co. Redwood City, Calif. 
Minneapolis-Honeywell Regulator Co., 

Microswitch Div. Freeport, Ill. 
Nahm-Bros. Spring Co. Oakland, Calif. 
Tru-Connector Corp. Peabody, Mass. 
Universal Metal Prod., Inc. Bassett Puente, Calif. 
Elgeet Optical Co., Inc. Rochester, N.Y. 
Tinsolite Insulated Wire Co. Tarrytown, N.Y. 
Sylvania Electric Prod. Inc., 

Semiconductor Div. 
Robbins and Myers, Inc, 
Stevens Mfg. Co., Inc 
Howard J. Smith Inc. 


Woburn, Mass. 

New York, N.Y. 
Mansfield, Ohio 

Port Monmouth, N. J. 
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Chicago, II. 


96095 
96256 


96296 


96330 
96341 
96501 
97464 
97539 


97966 
97979 


98141 
98159 


‘Hi-Q Division of Aerovox 
Thordarson-Meissner Div. of 
Maguire Industries, Inc. 
Solar Manufacturing Co. 
Carlton Screw Co. 
Microwave Associates, Inc. 
Excel Transformer Co. 
Industrial Retaining Ring Co. 


Automatic and Precision Mfg. Co. 


CBS Electronics, 

Div. of C.B.S., Inc. 
Reon Resistor Corp. 
Axel Brothers Inc. 
Rubber Teck, Inc. 


Burlington, Mass. 


Oakland, Calif. 
Irvington, N.J. 


Yonkers, N.Y. 


Danvers, Mass. 
Yonkers, N.Y. 
Jamaica, N.Y. 
Gardena, Calif. 


ch, 0. ¢ 
OOOMM Rubber Eng. & Devel 
QOONN A“N''D Manufacturing 
000QQ Cooltron 

Q00SS Control of Elgin Watch Co. 
QOOWW California Eastern Lab. 


000BB Precision Instr 


OOOYY S.K. Smith Co. Los Angeles ¢ 

From. FSC. Handbook Supplements 
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Appendix I 


APPENDIX | 
MANUAL CHANGES 


This appendix contains information on changes required 
to adapt this manual to an instrument with a serial 
prefix listed in the table below. Check for your in- 
strument serial prefix and make the changes indicated. 
Note that these changes adapt the manual to cover a 
particular instrument as manufactured and there- 
fore will notapply to an instrument subsequently modi- 
fied in the field. Refer toSection I for information on 
errata in this manual and on any other instrument 
serial prefix not covered in this appendix. 


Instrument Make Numbered 
Serial Prefix Changes 


502- 

433- 

421- 

327-, 403-, 409- 

303- 

a2 247- 

Bee 217-, 219-, 223- 


CHANGE 1 


Page 5-16, Figure 5-7, 

R108, R110: Change value to 330K. 
Tables 6-1 and 6-2, 

R108, R110: Change to hp Part No. 


0687-3341; 
R: fxd, comp, 330K ohms, 10%, 1/2W; Mfr 
01121; Mfr Part No. EB3341. 


CHANGE 2 


Tables 6-1 and 6-2, 
C322A/B: Change to hp Part No. 0180-0127; C: 
fxd, elect 2-sect, 120 x 40 uf, -10% +50% 
300VDCW; Mfr 56289; Mfr Part No. D36235. 


CHANGE 3 


Tables 6-1 and 6-2, 
Al: Change to hp Part No. 120B-65A. 
A202: Change to hp Part No. 120B-65B. 
CR305: Change to hp Part No. 1902-0759; Mfr 
04713; Mfr Part No. 1N2983B. 


CHANGE 4 


Page 5-17, Figure 5-8, 
R207: Change value to 18K ohms. 
Page 5-18, Figure 5-9, 
R351: Change value to 1. 88M ohms. 
Tables 6-1 and 6-2, 
R207: Change to hp Part No. 0687-1031; R: fxd, 
comp, 10K ohms, 10% 1/2W; Mfr 01121; Mfr 
Part No. EB1031. 
R351: Change to hp Part No. 0727-0286; R: fxd, 
depc, 1.88M ohms, 1% 1/2W; Mfr hp. 


01260-2 


CHANGE 5 


Tables 6-1 and 6-2, 
CR201: Change to hp Part No. 1901-0034; Diode: 
Si; Mfr 07933; Mfr Part No. DW204A. 


CHANGE 6 


Tables 6-1 and 6-2, 

A201: Change to hp Part No. 120B-19C. 

C321: Change to hp Part No. 0180-0042; C: fxd, 
elect, 120 uf, 350VDCW; Mfr 56289; Mfr Part 
No. D3253. 

C325A/B: Changetohp Part No. 0180-0030; C: fxd, 
elect, 2-sect, 120 x 40 uf, 450VDCW; Mfr 56289; 
Mfr Part No. D32352. 

MISCELLANEOUS, 

Knob: TRIGGER SOURCE selector: Change to 
hp Part No. 0370-0099. 

Knob: TRIGGER LEVEL control: Change to hp 
Part No. 0370-0134. 


CHANGE 7 


Page 5-19, Figure 5-10, 

C305, C307: Change value to 6800 pf. 

C308: Relocate into A302 in parallel with T301 
pin 5 and plate of V303, and change value to 
1500 pf. 

C310: Relocate into A302 in parallel with T301 
pin 9 and plate of V304, and change value to 
1500 pf. 

C312: Change value to .015 uf. 

C313, C314: Delete. 

R313: Change value to 680K ohms. 

R322: Change value to 47K ohms. 

R327: Change value to 1.5M ohms. 

Tables 6-1 and 6-2, 

A301: Change to hp Part No. 120B-65C. 

A302: Change to hp Part No. 120B-11A. 

C305, C307: Change to hp Part No. 0160-0110; 
C: fxd, paper, 6800 pf, 20% 3000VDCW; Mfr 
56289; Mfr Part No. 184P682030. 

C308, C310: Change to hp Part No. 0160-0061:C: 
fxd, paper, 1500 pf, 20% 500VDCW; Mfr 56289; 
Mfr Part No. 184P152050. 

C312: Change to hp Part No. 0160-0062; C: fxd, 
paper, .015 uf, 10% 3000VDCW; Mfr 56289; 
Mfr Part No. 184P153930. 

C313, C314: Delete. 

CR304: Change to hp Part No. 1901-0026; Diode: 
Si; Mfr hp. 

R313: Change to hp Part No. 0687-6841; R: fxd, 
comp, 680K ohms, 10% 1/2W; Mfr 01121; Mfr 
Part No. EB6841. 

R322: Change to hp Part No. 0687-4731; R: fxd, 
comp, 47K ohms, 10% 1/2W; Mfr 01121; Mfr 
Part No. EB4731. 

R327: Change to hp Part No. 0687-1551; R: fxd, 
comp, 1.5M ohms, 10% 1/2W; Mfr 01121; Mfr 
Part No. EBi551. 
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CATHODE-RAY TUBE WARRANTY 


The cathode-ray tube (CRT) suppliedin your Hewlett-Packard 
Oscilloscope and replacement CRT's purchased from hp are 
warranted by the Hewlett-Packard Company against electrical 
failure for a period of one yearfromthedate of sale. Broken 
tubes and tubes with phosphor or mesh burns are not included 
under this warranty. If the CRT is broken when received, a 
claim should be made with the responsible carrier. 


Your nearest Hewlett-Packard Sales/Service Office (listed 
at rear of instrument manual) maintains a stock of replace- 
ment tubes and will assist in processing the warranty claim. 


We would like to evaluate every defective CRT. This engi- 
neering evaluation helps us to provide a better product for 
you. Please fill out the CRT Failure Report on the reverse 
side of this sheet and return it with the defective CRT to: 


Hewlett-Packard Company 
1900 Garden of the Gods Road 
Colorado Springs, Colorado 80907 


Attention: CRT QA 


To avoid damage to the tube while in shipment, please follow 
the shipping instructions below; warranty credit is not allowed 
on broken tubes. 


SHIPPING INSTRUCTIONS 


It is preferable that the defective CRT be returned in the re- 
placement CRT carton. If the carton or packaging material 
is not available, pack the CRT according to the instructions 
below: 


1. Carefully wrap the tube in 1/4 inch thick cotton 
batting or other soft padding material. 


2. Wrap the above in heavy kraft paper. 

3. Pack wrapped tube in a rigid container which is 
at least 4 inches larger than the tube in each 
dimension. 

4. Surround the tube with at least 4 inches of packed 


excelsior or similar shock absorbing material; be 
sure the packing is tight all around the tube. 


Thank you, 


CRT Department 


ll 


CRT WARRANTY CLAIM 


FROM: Date 


NAME 


COM PANY 


ADDRESS 


For additional information, contact: 
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6. Describe operating conditions prior to and at time of failure. 
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UNITED STATES 


ALABAMA 

P.O. Box 4207 

2003 Byrd Spring Road S.W. 
Huntsville 35802 

Tel: (205) 881-4591 

TWX: 810-726-2204 


ARIZONA 

3009 North Scottsdale Road 
Scottsdale 85251 

Tel: (602) 945-7601 

TWX: 910-950-1282 


5737 East Broadway 
Tucson 85716 

Tel: (602) 298-2313 
TWX: 910-952-1162 


CALIFORNIA 

1430 East Orangethorpe Ave. 
Fullerton 92631 

Tel: (714) 870-1000 


3939 Lankershim Boulevard 
North Hollywood 91604 
Tel: (213) 877-1282 

TWX: 910-499-2170 


1101 Embarcadero Road 
Palo Alto 94303 

Tel: (415) 327-6500 
TWX: 910-373-1280 


2591 Carlsbad Avenue 
Sacramento 95821 
Tel: (916) 482-1463 
TWX: 910-367-2092 


1055 Shafter Street 
San Diego 92106 

Tel: (714) 223-8103 
TWX: 910-335-2000 


COLORADO 

7965 East Prentice 
Englewood 80110 
Tel: (303) 771-3455 
TWX: 910-935-0705 


CONNECTICUT 
508 Tolland Street 
East Hartford 06108 
Tel: (203) 289-9394 
TWX: 710-425-3416 


111 East Avenue 
Norwalk 06851 

Tel: (203) 853-1251 
TWX: 710-468-3750 


DELAWARE 

3941 Kennett Pike 

Wilmington 19807 

Tel: (302) 655-6161 
TWX: 510-666-2214 


FLORIDA 

P.O. Box 545 

Suite 106 

9999 N.E. 2nd Avenue 
Miami Shores 33153 
Tel: (305) 754-4565 
TWX: 810-848-7262 


P.O. Box 20007 

Herndon Station 32814 
621 Commonwealth Avenue 
Orlando 

Tel: (305) 841-3970 

TWX: 810-850-0113 


P.O. Box 8128 
Madeira Beach 33708 
410 150th Avenue 

St. Petersburg 

Tel: (813) 391-0211 
TWX: 810-863-0366 


GEORGIA 

P.O. Box 28234 

450 Interstate North 
Atlanta 30328 

Tel: (404) 436-6181 
TWX: 810-766-4890 


ILLINOIS 

5500 Howard Street 
Skokie 60076 

Tel: (312) 677-0400 
TWX: 910-223-3613 


CANADA 


ALBERTA 

Hewlett-Packard (Canada) Ltd. 
11745 Jasper Ave. 

Edmonton 

Tel: (403) 482-5561 

TWX: 610-831-2431 


INDIANA 

4002 Meadows Drive 
Indianapolis 46205 
Tel: (317) 546-4891 
TWX: 810-341-3263 


LOUISIANA 

P.O. Box 856 

1942 Williams Boulevard 
Kenner 70062 

Tel: (504) 721-6201 
TWX: 810-955-5524 


MARYLAND : 
6707 Whitestone Road 
Baltimore 21207 

Tel: (301) 944-5400 
TWX: 710-862-0850 


P.O. Box 1648 

2 Choke Cherry Road 
Rockville 20850 
Tel: (301) 948-6370 
TWX: 710-828-9684 


MASSACHUSETTS 
32 Hartwell Ave. 
Lexington 02173 
Tel: (617) 861-8960 
TWX: 710-326-6904 


MICHIGAN 

24315 Northwestern Highway 
Southfield 48075 

Tel: (313) 353-9100 

TWX: 810-232-1532 


MINNESOTA 

2459 University Avenue 
St. Paul 55114 

Tel: (612) 645-9461 
TWX: 910-563-3734 


MISSOURI 

9208 Wyoming Place 
Kansas City 64114 
Tel: (816) 333-2445 
TWX: 910-771-2087 


BRITISH COLUMBIA 
Hewlett-Packard (Canada) Ltd. 
304-1037 West Broadway 
Vancouver 9 

Tel: (604) 738-5301 

TWX: 610-922-5059 


MANITOBA 

Hewlett-Packard (Canada) Ltd. 
511 Bradford Ct. 

St. James 

Tel: (204) 786-7581 


2812 South Brentwood Blvd. 
St. Louis 63144 

Tel: (314) 962-5000 

TWX: 910-760-1670 


NEW JERSEY 

W. 120 Century Road 
Paramus 07652 

Tel: (201) 265-5000 
TWX: 710-990-4951 


1060 N. Kings Highway 
Cherry Hill 08034 

Tel: (609) 667-4000 
TWX: 710-892-4945 


_ NEW MEXICO 


P.O. Box 8366 

Station C 5 

6501 Lomas Boulevard N.E. 
Albuquerque 87108 . 
Tel: (505) 255-5586 

TWX: 910-989-1665 


156 Wyatt Drive 
Las Cruces 88001 
Tel: (505) 526-2485 
TWX: 910-983-0550 


NEW YORK 

1702 Central Avenue 
Albany 12205 

Tel: (518) 869-8462 
TWX: 710-441-8270 


1219 Campville Road 
Endicott 13764 

Tel: (607) 754-0050 
TWX: 510-252-0890 


82 Washington Street 
Poughkeepsie 12601 
Tel: (914) 454-7330 
TWX: 510-248-0012 


39 Saginaw Drive 
Rochester 14623 
Tel: (716) 473-9500 
TWX: 510-253-5981 


NOVA SCOTIA 
Hewlett-Packard (Canada) Ltd. 
2745 Dutch Village Rd. 

Suite 203 

Halifax 

Tel: (902) 455-0511 

TWX: 610-271-4482 


1025 Northern Boulevard 
Roslyn, Long Island 11576 
Tel: (516) 869-8400 

TWX: 510-223-0811 


5858 East Molloy Road 
Syracuse 13211 

Tel: (315) 454-2486 
TWX: 710-541-0482 


NORTH CAROLINA 
P.O. Box 5188 

1923 North Main Street 
High Point 27262 

Tel: (919) 882-6873 
TWX: 510-926-1516 


OHIO 

25575 Center Ridge Road 
Cleveland 44145 

Tel: (216) 835-0300 
TWX: 810-427-9129 


3460 South Dixie Drive 
Dayton 45439 

Tel: (513) 298-0351 
TWX: 810-459-1925 


OKLAHOMA 

2919 United Founders Boulevard 
Oklahoma City 73112 

Tel: (405) 848-2801 

TWX: 910-830-6862 


OREGON 

Westhills Mall, Suite 158 
4475 S.W. Scholls Ferry Road 
Portland 97225 

Tel: (503) 292-9171 

TWX: 910-464-6103 


PENNSYLVANIA 

2500 Moss Side Boulevard 
Monroeville 15146 

Tel: (412) 271-0724 

TWX: 710-797-3650 


ONTARIO 

Hewlett-Packard (Canada) Ltd. 
880 Lady Ellen Place 

Ottawa 3 

Tel: (613) 722-4223 

TWX: 610-562-1952 


Hewlett-Packard (Canada) Ltd. 
1415 Lawrence Avenue West 
Toronto 

Tel: (416) 249-9196 

TWX: 610-492-2382 


1021 8th Avenue 
King of Prussia Industrial Park 
King of Prussia 19406 

Tel: (215) 265-7000 

TWX: 510-660-2670 


RHODE ISLAND 
873 Waterman Ave. 
East Providence 02914 
Tel: (401) 434-5535 


TEXAS 

P.O. Box 1270 

201 E. Arapahoe Rd. 
Richardson 75080 
Tel: (214) 231-6101 
TWX: 910-867-4723 


P.O. Box 22813 

4242 Richmond Avenue 
Houston 77027 

Tel: (713) 667-2407 
TWX: 910-881-2645 


GOVERNMENT CONTRACT OFFICE 
225 Billy Mitchell Road 

San Antonio 78226 

Tel: (512) 434-4171 

TWX: 910-871-1170 


UTAH 

2890 South Main Street 
Salt Lake City 84115 
Tel: (801) 486-8166 
TWX: 910-925-5681 


VIRGINIA 

P.O. Box 6514 
2111 Spencer Road 
Richmond 23230 
Tel: (703) 282-5451 
TWX: 710-956-0157 


WASHINGTON 
433-108th N.E. 
Bellevue 98004 
Tel: (206) 454-3971 
TWX: 910-443-2303 


FOR U.S. AREAS NOT 
LISTED: 

Contact the regional office near- 
est you: Atlanta, Georgia... 
North Hollywood, California... 
Paramus, New Jersey... Skokie, 
Illinois. Their complete ad- 
dresses are listed above. 


QUEBEC 

Hewlett-Packard (Canada) Ltd. 
275 Hymus Boulevard 

Pointe Claire 

Tel: (514) 697-4232 

TWX: 610-422-3022 

Telex: 01-20607 


FOR CANADIAN AREAS NOT 
LISTED: 

Contact Hewlett-Packard (Can- 
ada) Ltd. in Pointe Claire, at 


the complete address listed 
above. 
CENTRAL AND SOUTH AMERICA 
ARGENTINA CHILE ECUADOR MEXICO PERU VENEZUELA 
Hewlett-Packard Argentina Hector Calcagni P. Laboratorios de Radio-Ingenieria Hewlett-Packard Mexicana, S.A. Fernando Ezeta B. Hewlett-Packard De Venezuela 
S.A.C.e.1 Casilla 13942 Calle Guayaquil 1246 de C.V. Avenida Petit Thouars 4719 C.A. 
Lavalle 1171-3 Estado 215 - Oficina 1016 Post Office Box 3199 Moras 439 Miraflores Apartado del Este 10934 
Buenos Aires Santiago Quito Col. del Valle Casilla 3061 Chacaito 
Tel: 35-0436, 35-0627, 35-0431 Tel: 31-890, 490-505 Tel: 12496 Mexico 12, D.F. Lima Caracas 
Telex: 012-1009 Cable: HORVATH Quito Tel: 75-46-49 Le peoren : Tel: 71.88.05, ee 71.88.76 
C 3 Cable: ima Cable: HEWPACK Caracas 
eee ee et tebe EL SALVADOR NICARAGUA 
BRAZIL Electrénica Roberto Teran G. PUERTO RICO 


Hewlett-Packard Do Brasil 
l.e.C Ltda 

Rua Coronel: Oscar Porto, 691 
Sao Paulo - 8, SP 

Tel: 71-1503 

Cable: HEWPACK Sao Paulo 


Hewlett-Packard Do Brasil 
l.e.C. Ltda 

Avenida Franklin Roosevelt 84 
grupo 203 

Rio de Janeiro, ZC-39, GB 

Tel: 32-9733 

Cable: HEWPACK Rio de Janeiro 


Henrik A. Langebaek & Kier 
Ltda 

Carrera 7 +48-59 

Apartado Aereo 6287 

Bogota, 1 D.E 

Tel: 45-78-06, 45-55-46 

Cable: AARIS Bogota 


COSTA RICA 

Lic. Alfredo Gallegos Gurdian 
Apartado 3243 

San José 

Tel: 21-86-13 

Cable: GALGUR San José 


Apartado Postal 1589 

27 Avenida Norte 1133 

San Salvador 

Tel: 25-74-50 

Cable: ELECTRONICA 
San Salvador 


GUATEMALA 

Olander Associates Latin America 
Apartado 1226 

7a. Calle, 0-22, Zona 1 
Guatemala City 

Tel: 22812 

Cable: OLALA Guatemala City 


Apartado Postal 689 
Edificio Teran 

Managua 

Tel: 3451, 3452 

Cable: ROTERAN Managua 


PANAMA 

Electrénica Balboa, S.A. 

P.O. Box 4929 

Ave. Manuel Espinosa No. 13-50 
Bidg. Alina 

Panama City 

Tel: 30833 

Cable: ELECTRON Panama City 


San Juan Electronics, Inc. 
P.O. Box 5167 

Ponce de Leon 154 

Pda. 3-Pta. de Tierra 

Tel: (809) 725-3342 

Cable: SATRONICS San Juan 
Telex: SATRON 3450 332 


URUGUAY 

Pablo Ferrando S.A. 
Comercial e Industrial 
Avenida Italia 2877 
Casilla de Correo 370 
Montevideo 

Tel: 40-3102 

Cable: RADIUM Montevideo 


FOR AREAS NOT LISTED, 
CONTACT: 

Hewlett-Packard Inter-Americas 
3200 Hillview Ave. 

Palo Alto, California 94304 

Tel: (415) 326-7000 

TWX: 910-373-1267 

Cable: HEWPACK Palo Alto 
Telex: 034-8461 


~~ 


He 20 
Tel: 67 35 38 
Cable: HEWPACKOY-Helsinki 
Telex: 12-1563 


FRANCE 

Hewlett-Packard France 
Quartier de Courtaboeuf 
Boite Postale No. 6 

91 Orsay 

Tel: 920 88 01 

Cable: HEWPACK Orsay 

Telex: 60048 HEWPACK ORSAY 


Hewlett-Packard France 
4 Quai des Etroits 

69 Lyon 5e 

Tel: 42 63 45 

Cable: HEWPACK Lyon 
Telex: 31617 


GERMANY 

Hewlett-Packard Vertriebs-GmbH 
Lietzenburgerstrasse 30 

1 Berlin W 30 ; 
Tel: 24 60 65/66 

Telex: 18 34 05 


Hewlett-Packard Vertriebs-GmbH 
Herrenbergerstrasse 110 

703 Béblingen, Wiirttemberg 
Tel: 07031-6671 

Cable: HEPAG Béblingen 


Telex: 72 65 739 
Hewlett-Packard Vertriebs-GmbH 
Achenbachstrasse 15 

4 Diisseldorf 1 

Tel: 68 52 58/59 

Telex: 85 86 533 ¢ 


Hewlett-Packard Vertriebs-GmbH 
Kurhessenstrasse 95 

6 Frankfurt 50 

Tel: 52 00 36 

Cable: HEWPACKSA Frankfurt 
Telex: 41 32 49 


Hewlett-Packard Vertriebs-GmbH 
Beim Strohhause 26 

2 Hamburg 1 

Tel: 24 05 51/52 

Cable: HEWPACKSA Hamburg 
Telex: 21 53 32 


Hewlett-Packard Vertriebs-GmbH 
Reginfriedstrasse 13 

8 Miinchen 9 

Tel: 0811 69 59 71/75 

Cable: HEWPACKSA Miinchen 
Telex: 52 49 85 


GREECE 

Kostas Karayannis 
18, Ermou Street 
Athens 126 

Tel: 230 301 

Cable: RAKAR Athens 
Telex: 21 59 62 


IRELAND 
Hewlett-Packard Ltd. 
224 Bath Road 

Slough, Bucks, England 
Tel: Slough 753-33341 
Cable: HEWPIE Slough 
Telex: 84413 


ITALY 

Hewlett-Packard Italiana S.p.A. 
Viale Lunigiana 46 

20125 Milan 

Tel: 69 15 84 

Cable: HEWPACKIT Milan 
Telex: 32046 


Hewlett-Packard Italiana S.p.A. 
Palazzo Italia 

Piazza Marconi 25 

00144 Rome - Eur 

Tei: 591 2544 

Cable: HEWPACKIT Rome 
Telex: 61514 


NETHERLANDS 
Hewlett-Packard Benelux, N.V. 
Weederstein 117 

Amsterdam, Z |! 

Tel: 42 77 77 

Cable: PALOBEN Amsterdam 
Telex: 13 216 


NORWAY 
Hewlett-Packard Norge A/S 
Box 149 

Nesveien 13 

Haslum 

Tel: 53 83 60 

Cable: HEWPACK Oslo 
Telex: 6621 


PORTUGAL 

Telectra 

Rua Rodrigo da Fonseca 103 
P.O. Box 2531 

Lisbon 1 

Tel: 68 60 72 

Cable: TELECTRA Lisbon 
Telex: 1598 


SPAIN 

Ataio Ingenieros 
Ganduxer 76 
Barcelona 6 

Tel: 211-44-66 


Ataio Ingenieros 

Enrique Larreta 12 
Madrid, 16 

Tel: 235 43 44 

Cable: TELEATAIO Madrid 
Telex: 2 72 49 


SWEDEN 

Hewlett-Packard (Sverige) AB 
Hagakersgatan 9C 

431 04 Mélndal 4 

Tel: 031 - 27 68 00 


Hewlett-Packard (Sverige) AB 

Svetsarvagen 7 

$171 20 Solna 1 

Tel: (08) 98 12 50 

Cable: MEASUREMENTS 
Stockholm 

Telex: 10721 


SWITZERLAND 

Hewlett Packard (Schweitz) AG 
Zurcherstrasse 20 

8952 Schlieren 

Zurich 

Tel: (051) 98 18 21/24 

Cable: HEWPACKAG Zurich 
Telex: 53933 


Hewlett Packard (Schweitz) A.G. 
Rue du Bois-du-Lan 7 

1217 Meyrin-Geneva 

Tel: (022) 41 54 00 

Cable: HEWPACKSA Geneva’ 
Telex: 2 24 86 


TURKEY 

Telekom Engineering Bureau 
P.O. Box 376 - Galata 
Istanbul 

Tel: 49 40 40 

Cable: TELEMATION Istanbul 


UNITED KINGDOM 
Hewlett-Packard Ltd. 
224 Bath Road 
Slough, Bucks 

Tel: Slough 753-33341 
Cable: HEWPIE Slough 
Telex: 84413 


YUGOSLAVIA 

Belram S.A. 

83 avenue des Mimosas 
Brussels 15, Belgium 

Tel: 34 33 32, 34 26 19 
Cable: BELRAMEL Brussels 
Telex: 21790 


FOR AREAS NOT LISTED, 
CONTACT: 

Hewlett-Packard S.A. 

Rue du Bois-du-Lan 7 

1217 Meyrin-Geneva 

Tel: (022) 41 54 00 

Cable: HEWPACKSA Geneva 
Telex: 2.24.86 


AFRICA, ASIA, AUSTRALIA 


ANGOLA 

Telectra Empresa Técnica 
de Equipamentos Eléctricos 
SAR 


Rua de Barbosa Rodrigues 
42-1° 

Box 6487 

Luanda 

Cable: TELECTRA Luanda 


AUSTRALIA 

Hewlett-Packard Australia 
Pty. Ltd. 

22-26 Weir Street 

Glen Iris, 3146 

Victoria 

Tel: 20.1371 (4 lines) 

Cable: HEWPARD Melbourne 

Telex: 31024 


Hewlett-Packard Australia 
Pty. Ltd. 

61 Alexander Street 

Crows Nest 2065 

New South Wales 

Tel: 43.7866 

Cable: HEWPARD Sydney 


Hewlett-Packard Australia 
Pty. Ltd. 

97 Churchill Road 

Prospect 5082 

South Australia 

Tel: 65.2366 

Cable: HEWPARD Adelaide 


Hewlett Packard Australia 
Pty. Ltd. 

2nd Floor, Suite 13 

Casablanca Buildings 

196 Adelaide Terrace 

Perth, W.A. 6000 


CEYLON 

United Electricals Ltd. 
P.O. Box 681 

Yahala Building 

Staples Street 

Colombo 2 

Tel: 5496 

Cable: HOTPOINT Colombo 


CYPRUS 

Kypronics 

19-19D Hommer Avenue 
P.O. Box 752 

Nicosia 

Tel: 6282-75628 
Cable: HE-I-NAMI 


ETHIOPIA 

African Salespower & Agency 
Private Ltd., Co. 

P. 0. Box 718 

58/59 Cunningham St. 

Addis Ababa 

Tel: 12285 

Cable: ASACO Addisababa 


HONG KONG 

Schmidt & Co. (Hong Kong) Ltd. 
P.O. Box 297 

1511, Prince’s Building 

10, Chater Road 

Hong Kong 

Tel: 240168, 232735 

Cable: SCHMIDTCO Hong Kong 


INDIA 

The Scientific Instrument 
Co., Ld. 

6, Tej Bahadur Sapru Road 

Allahabad 1 

Tel: 2451 

Cable: SICO Allahbad 


The Scientific Instrument 
Co., Ld. 

240, Dr. Dadabhai Naoroji Road 

Bombay 1 

Tel: 26-2642 

Cable: SICO Bombay 


The Scientific Instrument 
Co., Ld. 

11, Esplanade East 

Calcutta 1 

Tel: 23-4129 

Cable: SICO Calcutta 


The Scientific Instrument Co., Ld. 
30, Mount Road 

Madras 2 

Tel; 86339 

Cable: SICO Madras 


The Scientific Instrument Co. Ltd. 


5-8-525 Mahatma Gandhi Road 
Hyderabad-1 (A-P) India 
Cable: SICO Hyderabad 


The Scientific Instrument Co., Ld. 


B-7, Ajmeri Gate Extn. 
New Delhi 1 
Tel: 27-1053 
Cable: SICO New Dethi 


INDONESIA 

Bah Bolon Trading Coy. N.V. 
Djalah Merdeka 29 
Bandung 


IRAN 

Telecom, Ltd. 

P. 0. Box 1812 

240 Kh. Saba Shomali 
Teheran 

Tel: 43850, 48111 
Cable: BASCOM Teheran 


ISRAEL 

Electronics & Engineering 
Div. of Motorola Israel Ltd. 

16, Kremenetski Street 

Tel-Aviv 

Tel: 35021 (4 lines) 

Cable: BASTEL Tel-Aviv 

Telex: Bastel Tv 033-569 


JAPAN 
Yokogawa-Hewlett-Packard Ltd. 
Nisei Ibaragi Bldg. 

2-2-8 Kasuga 

Ibaragi-Shi 

Osaka 

Tel: 23-1641 


Yokogawa-Hewlett-Packard Ltd. 
Ito Building 

No. 59, Kotori-cho 
Nakamura-ku, Nagoya City 
Tel; 551-0215 


Yokogawa-Hewlett-Packard Ltd. 
Ohashi Building 

59 Yoyogi 1-chrome 
Shibuya-ku, Tokyo 

Tel: 370-2281 

Telex: 232-2024YHP 

Cable: YHPMARKET TOK 23-724 


KENYA 

R. J. Tilbury Ltd. 

P. 0. Box 2754 

Suite 517/518 

Hotel Ambassadeur 

Nairobi 

Tel: 25670, 26803, 68206, 58196 
Cable: ARJAYTEE Nairobi 


KOREA 


American Trading Co., Korea, Ltd. 


P.O. Box 1103 

Dae Kyung Bldg. 

107 Sejong Ro 

Chongro Ku 

Seoul 

Tel; 75-5841 (4 lines) 
Cable: AMTRACO Seoul 


LEBANON 

Constantin E. Macridis 
Clemenceau Street 
Clemenceau Center 

Beirut 

Tel: 220846 

Cable: ELECTRONUCLEAR Beirut 


MALAYSIA 

MECOMB Malaysia Ltd. 

2 Lorong 13/6A 

Section 13 

Petaling Jaya, Selangor 
Cable: MECOMB Kuala Lumpur 


MOZAMBIQUE 

A. N. Goncalves, LDA. 
4.1 Apt. 14 Av. D. Luis 
P.O. Box 107 
Lourenco Marques 
Cable: NEGON 


NEW ZEALAND 
Hewlett-Packard (N.Z.) Ltd. 
32-34 Kent Terrace 

P.O. Box 9443 

Wellington, N.Z. 

Tel: 56-409 

Cable: HEWPACK Wellington 


PAKISTAN (EAST) 
Mushko & Company, Ltd. 
31, Jinnah Avenue 

Dacca 

Tel: 80058 

Cable: NEWDEAL Dacca 


PAKISTAN (WEST) 
Mushko & Company, Ltd. 
Oosman Chambers 

Victoria Road 

Karachi 3 

Tel: 51027, 52927 

Cable: COOPERATOR Karachi 


PHILIPPINES 
Electromex Inc. 

2129 Pasong Tamo 
Makati, Rizal 

P.O. Box 4326 

Manila 

Tel: 88-91-71 or 88-83-76 
Cable: ELEMEX Manila 


SINGAPORE 

Mechanical and Combustion 
Engineering Company Ltd. 

9, Jalan Kilang 

Singapore, 3 

Tel: 642361-3 

Cable: MECOMB Singapore 


SOUTH AFRICA 

Hewlett Packard South Africa 
(Pty.), Ltd. 

Hill House 

43 Somerset Rd. 

Cape Town 

Tel: 3-6019 

Cable: HEWPACK Cape Town 

Telex: 7038CT 

Hewlett Packard South Africa 
(Pty.), Ltd. 

P.O. Box 31716 

30 De Beer Street 

Braamfontein, Johannesburg 

Tel: 724-4172 724-4195 

Telex: 0226 JH 

Cable: HEWPACK Johannesburg 


TAIWAN 
Hwa Sheng Electronic Co., Ltd. 
P. 0. Box 1558 
Room 404 
Chia Hsin Building 
No. 96 Chung Shan 
North Road, Sec. 2 
Taipei 
Tel: 555211 Ext. 532-539 
Cable: VICTRONIX Taipei 
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TANZANIA 

R. J. Tilbury Ltd. 

P.O. Box 2754 

Suite 517/518 

Hotel Ambassadeur 

Nairobi 

Tel: 25670, 26803, 68206, 58196 
Cable: ARJAYTEE Nairobi 


THAILAND 

The International 
Engineering Co., Ltd. 

P. 0. Box 39 

614 Sukhumvit Road 

Bangkok 

Tel: 910722 (7 lines) 

Cable: GYSOM Bangkok 


UGANDA 

R. J. Tilbury Ltd. 

P.O. Box 2754 

Suite 517/518 

Hotel Ambassadeur 

Nairobi 

Tel: 25670, 26803, 68206, 58196 
Cable: ARJAYTEE Nairobi 


VIETNAM 

Peninsular Trading Inc. 
P.O. Box H-3 

216 Hien-Vuong 

Saigon 

Tel: 20.805 

Cable: PENINSULA Saigon 


ZAMBIA 

R. J. Tilbury (Zambia) Ltd. 
P.O. Box 2792 

Lusaka 

Zambia, Central Africa 


FOR AREAS NOT LISTED, 

CONTACT: 

Hewlett-Packard Export 
Marketing 

3200 Hillview Ave. 

Palo Alto, California 94304 

Tel: (415) 326-7000 

TWX: 910-373-1267 

Cable: HEWPACK Palo Alto 

Telex: 034-8461 
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